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IMPROVED LOCOMOTIVE CRANE. 


WE give illustration of « locomotive steam crane de- 
signed and constructed by Mr. Thomas Swith, at the 
Old Foundry, Rodley, near Leeds. The crane weighs 21 
tons, and is capable of lifting 24¢ tons at a radius of 
90 ft. from the central pillar by a single chain. The 
crane, as will be seen, is carried on a cast iron frame 
with wrought iron checkered cover plates ontop. This 
frame is mounted on two steel axles running in hard 
gun metal axle bearings, there being four steel tired 

*traveling wheels set to the standard gauge of 4 ft. 81¢ 
in. Asset of rail clips are provided with corner screws 





for raising the carriage and crane from the rails when 


\ 


the crane is put in opera- 
tion. 

The whole superstructure 
rotates on a central pillar fit- 
ting into the frame as shown. 
The jib is of wrought iron 
plates and angles braced and 
riveted on the lattice princi- 
ple, as shown on the engrav- 
ing. 

Hoisting is through single 
purchase spur gearing con- 
trolled by clutch and lever. 
The drum is 18 in. in diame- 
ter, and the hoisting speed is 
95 ft. per minute with the 
maximum load of 2%¢ tons. 
There is a friction brake 
keyed to the barret shaft and 
controlled by a foot lever. 
The revolving motion is by 
spur and miter wheels, geared 
up from the engine shaft to 
a main internal wheel on the 
frame and worked by double 
friction cone, The internal 
wheel roller path and the 
anti-friction rollers are of 
steel. 

The crane may be rotat- 
ed in either direction with- 
out stopping cr reversing the 
engines, and the operation is 
controlled by serew lever and 
light handwheel. The speed 
is at the rate of three revolu- 
tions in one minute. The 
erane can be propelled along 
the rails by its own engine, 
motion -eing transmitted 
from the main shaft to the 
axles through spur and bevel 
wheels, controlled by clutch 
and lever. In all cases the 
principal bearings are adjust- 
able and are bushed with 
hard gun metal, while the 
miter gearing is of steel. The 
crab sides carry the shaft and 
gearing in bosses, and the 
sides are firmly secured to the 
swivels. The top swivel has 
a center bored to suit the top 
of the pillar, while the bot- 
tom swivel receives the jib in 
front and the tank behind, 
and is provided with back, 
front and side anti-friction 
rollers ranning on a turned 
path or frame, so as to reduce 
the strain on the central pil- 
lar and allow the whole to 
rotate more easily. 

All the movements of the 
crane — hoisting, revolving, 
and locomotion—are effected 
through gearing on the main 
shaft, which is actuated by 
an engine with two cylinders, 
84¢ ‘in. in diameter and of 12 
in. stroke of piston. The cyl- 
inders are fitted one on each - 
side of the main framework 
of the crane. The engine has 
steel piston rods, wrought 
iron connecting rods, turned 
from end to end, with hard 
gun metal bearings. The re- 
Versing is by link motion, casehardened. The cross- 
head works in cireular guides. The main shaft and all 
the feathers in it are of steel, with balanced disk plates 
and turned crank pins. The boiler supplying steain is 
vertical and of mild'steel. It is 10 ft. high and 4 ft. 3 
in. in diameter, with four cross tubes intersecting the 
firebox. The working pressure is 80 lb. to the square 
inch. As in the ease of the cylinders, it is lagged with 
silicate cotton and sheet metal. The feed pump is 
placed between the tank and the boiler, and is worked 
from the engine shaft by eccentrics. In the frame of 
the crane is fitted a water tank, the top of which 
Then a platform from whieh the crane is worked. 

he feed water is heated in a tank before passing into 
the boiler. 

Two of these cranes are in nse in connection with the 
Coal-conveying plant at the Kensal Green Gas Works. 








They have each one of Hone’s half-tine single crane 
grabs attached for loading and discharging es. — 
Engineering. 








DISTORTION OF OUTLINE. 


A SHORT time ago we proposed to study the vari- 
ous falsities that the photographic image is liable to, 
and began by a consideration of curvilinear distortion. 
This appears to be the only distortion produced by 
the lens itself, and every one knows how easily it is 
avoided by having a lens on each side of the dia- 
phragm, as in the ordinary doublets of the present 
day. It would be a mistake to c8ndemn single lenses 
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IMPROVED LOCOMOTIVE CRANE. 


because they give this distortion, but it is advisable 
never to use single lenses of a focal length that is 
short in comparison with the plate to be covered. It 
will be shown that other falsities can be eliminated 
ohly by avoiding wide angles of view; indeed, we 
may say that a comparatively narrow angle of view is 
the sheet anchor of truth in photography. 

We have often pointed out that the character of the 
photographer's apparatus ought not in any sense to 
be considered in the selection of the point of view. 
There are many novices who know nothing of the 
chief desiderata in a picture, and if they are going to 
photograph a house or a tree, seek first to get the 
object well on the plate, and then to get it on as large 
a scale as possible. They wander to and fro with their 
heads under their focusing cloths to gain these ends, 
totally neglectful of the changing form of the image 


upon the ground glass. Many of them are ignorant 
of the fact that it does change, and if this were pointed 
out to them, would be unable to select the more truth- 
ful and therefore preferable image. It is altogether 
wrong to imagine that photographs produced from 
various standpoints are equally true, because, as we 
have explained before, it is practically impossible to 
specify how every photograph shall be looked at, and 
a view that conveys a false impression when examined 
under ordinary conditions is, to all intents and pur- 
poses, itself fake, although it may be absolutely cor- 
rect under another set of conditions. Therefore, we 
say that the point of view, that is the position of the 








camera, should be selected without reference to the 
available apparatus, and if 
the photograpber then finds 
that he has no lens that will 
get the desired picture on his 
plate, he wust, for want of 
suitable apparatus, suffer the 
loss of the pieture. On the 
other hand, if the desired 
view does not cover the plate, 
and he has no lens of longer 
focal length, he must accept 
the smaller size. The size of 
the picture and the focal 
length of the lens go hand in 
hand, and by allowing the 
sizes of photographs to vary 
one has the exact equivalent 
of a battery of lenses. 

The chief difference that is 
observable in approaching 
and receding from an object 
is the alteration in the com- 
parative sizes of the represen- 
tations of its various parts. 
On approaching, the near 
parts will increase in appa- 
rent size more rapidly than 
the more distant parts. At 
twice the distance any given 
object has half the apparent 
diameter, or is half the height 
and half the width, and it is 
obvious that if two objects 
are at different distances from 
the camera, by receding until 
the distance from the nearest 
is doubled, the distance from 
the further object will not be 
doubled, and therefore the 
scale of its image will not be 
reduced to so great an extent. 
It is possible, therefore, ac- 
cord'ng to the distance that 
one plants the camera from a 
given object, to get almost 
any difference in size bet ween 
the image of the near and of 
the more distant parts of the 
object, and as the object will 
appear longer as this differ- 
ence increases, there is much 
room for the exercise of dis- 
cretion. In the same way the 
distance between two differ- 
ent objects, one of which is 
nearer to the camera than the 
other, may be made to appear 
very much greater than it 
really is by bringing the ca- 
mera near to the nearer ob- 
ject, and using a short focus 
ens to keep the image of the 
nearer pos oe. down to the 
size required. The resulting 
falseness is not due to the 
lens at all, but to its position, 
and rests, therefore, entireiy 
upon the photographer who 
selected the position. Speak- 
ing yey © photograph- 
ers are in the habit of getting 
much too near their subjects. 
There is, probably, more 
falseness in protographbiec pic- 
tures due to this than to any 
other cause. The evil lies in 
the exaggeration, not in the 
principle. In portraiture the 

more distant hand must be smaller, and painters repre- 
sent it so; if it were drawn equal in size to the nearer 
hand, it would appear to be unduly large, but the dif- 
ference in size between the two hands in a portrait 
ought not to be such as to appear unnatural, 
The sensitive surface employed is invariably flat, 
and this of itself introduces distortion in the image 
The light included within the same angle will cover a 
different extent of the plate according to the obliquity 
with which it impinges upon it. The image of a solid 
object is therefore expanded in the direction of lines 
drawn outward from the center of the plate, or, 
rather, from that part of the plate which intersects 
the principal axis of the lens. The effect of this is 
that in photographing a colonnade the diameter of 
the columns will appear to increase according as their 
images fall near to the edge of the plate, A statue 
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roper proportions on the middle of 
the plate, but will be broader in proportion to its 
height if its image falls on one side. It is quite true 
that this distortion a when the eye is —— 
into the proper place for viewing the picture, but 
this, as we have said before, is not sufficient to dem- 
onstrate the truth of the representation. It is not 
going beyond the bounds of practical work to imagine 
a photographer with a negative of av interior contain- 
ing statues, and to suppose that he wishes to produce 
from it an enlargement of a statue that is shown near 
the margin of the plate. Or we way take a quite 
anal us case of a group negative, and an order to 
furnish an enlargement of a person who stood near 
the end of the row. In such a case we believe that 
any photographer would set his original negative 
square to his lens, and wake the desired enlargement 
according to the ordinary methods. The result of 
such a procedure wight be perfect from the operator's 
point of view, and the photographer would feel hardly 
used if his customer showed signs of dissatisfaction. 
But the picture would be false, and in this case abso- 
lutely false ; the figure would be too wide. But treating 
the enlargement as a part of the whole original picture, 
and putting it to one side in its proper relative posi- 
tion, the distortion would disappear, but the very 
reason for copying a part only of the original is to 
cause that part to appear as if it were complete in 
itself, and the spectator is practically invited to hold 
it opposite his eyes while he looks at it. Therefore, 
we say that in this case the falsity is absolute, and not 
comparative merely. This error of proportion is of 
very obvious amount with the apparatus in every day 
use, In using a six inch lens on an eight inch plate, 
one is well within the limits of ordinary instruments, 
and with such apparatus a cylinder that is obviously 
higher than it is wide will appear at the edge of the 
plate as distinctly wider than it is high, and the image 
of a sphere will be drawn out to such an extent that 
the most careless observer would never wistake its 
outline foracirecle. It is important to notice that in 
copying from the flat this error is not present. It will 
be noticed that these effects are to a certain extent 
opposite in character to the barrel shaped variety of 
curvilinear distortion, Therefore we suggest that a 
single lens, with its diaphragm in front, is not so 
faulty as it might appear theoretically to be, and is 
much to be preferred to a lens with a diaphragm be- 
hind it.—C. /., in Photography. 
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IMPROVED REFRIGERATING APPARATUS. 
By R. A. MESSERVEY, Halifax, Nova Scotia. 


In a refrigerating apparatus in which a saline 
liquid of low temperature is made to circulate, the 
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A is heated, which may be done by means of gas us at 
f*, The vapors rise into B, any moisture carried over 

ng returned through the trapped pipe d, while the 
gas passes on and is liquefied under pressure in the 
coil i and cylinder C. When the vessel A has been 
nearly depleted the flawe is automatically removed, or 
extinguished, and the vessel cooled. At the same 
time the valve ¢, at the bottom of C is gradually 
opened and the liquefied ammonia allowed to escape 
into the coil E, where it evaporates and causes great 
reduction of temperature, while itself returning 
through the pipe F to the cylinder A, and being ab- 
sorbed by the liquid therein ready for re-evaporation. 
For the purposes of the automatic regulation, the 
small cylinder f passes through the top of the vessel 
A, and is closed at the bottom. It contains oil, which 
expands by heat and thereby moves the piston /, fitted 
on top, and which, by means of the levers and rods 
shown, serves to regulate the supply of gas through 
the pi G, and that of the cooling water through 
pipes & at the same time actuating the release valve 
7, at the proper intervals, The parts marked m, n, t, 
aod others are provided for aiding in starting the 
apparatus. 








UNIFORMITY IN DYEING. 


THE first condition for success in dyeing is that the 
fibers shall be absolutely clean and particularly free 
from the least grease spot. Careful washing is not suf- 
ficient. Without doubt, it is necessary that the color 
should hold in falling and not rub off when dry, thus 
soiling the whites and causing a dispute between the 
dyer and finisher. But it is necessary, also, that the 
shade should be even. 

The washing should be done at a boil, in such a way 
as to thoroughly wet the fiber and to drive out every 
little air bubble which adheres toit. But that is not 
sufficient. This must be accompanied by a scouring, 
not only for those fibers which the dyer knows have 
pot been scoured, but also for those which have been 
scoured and bleached previously. Without doubt, the 
amount of scouring which these latter will receive un- 
der these conditions will be relatively smali, but it 
cannot be dispensed with, even for dark shades, for 
the traces of fats which the fibers carry with them 
into the dyeing operations cause spotting which can 
hardly be remedied. Even for dyeing! blacks upon 
wool it is extremely important that the fiber should be 
properly scoured. 

The fatty matters that the wool contains may be 
those belonging naturally to it in its crude state, but 
they are more often the oils placed upon it during its 
working. The dyer cannot be too watchful in seeing 
that they are completely removed before dyeing. 

Some methods used for treating the fibers prepara- 
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IMPROVED REFRIGE 


patentee causes the pipes containing the liquid, where 
they pass through the space in which refrigeration is 
to take place, to be inclosed within a metal casing 
filled with blocks of rock salt or conducting waterial, 
the object being the purification of the cooled air, 
which leaves its impurities behind with the vapor 
deposited and condensed on the enlarged refrigerating 
surface. 

The letters A and B indicate two strong vessels 
placed at different levels and containing liquid am- 
monia. The pipe a leads from the top of the lower 
vessel A to the top of B, and is continued to nearly 
the bottom of the latter vessel. The trapped over- 
flow pipe d leads back from the level of liquid in B 
to the top of A. From the top of B the pi leads to 
the worm bd, in the cooling vessel D, nd © cautinned 
to the top of cylinder C through the check valve A, 
which prevents the return of gas. The freezing coil 
E communicates with the bottom of C through the 
wins < and valve i,, which latter is moved automati- 
cally to open and close the communication as required. 
The other end of the freezing coil E is jointed through 
F to the top of and reaches down into the vessel A, 
and is also fitted with a back pressure valve K to 
prevent gas returning into it. he operations are 


carried on as follows, viz.: A and B having been 
charged with liquid ammonia as indicated, the vessel 
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RATING APPARATUS. 


tory to dyeing will be described below, and are of 
interest. 

Cotton is boiled for two hours, with 8 to 10 per cent. 
of its weight of carbonate of soda and a little yellow 
soap. This treatment is sufficient for dark shades. 
a light shades, the cotton should be bleached before 

yeing. 

Wool is scoured with soda and soap at 120° F., with 
10 per cent. of carbonate of soda and 2 per cent. of cas- 
tile 4 
Silk is ungummed in a boiling bath, containing 30 

x cent. of soap, for one and one-half hours. For 
ight shades, ungum a second time with 15 per cent. 

The careful cleaning of the wool before dyeing has 
exceptional importance. The methods given below are 
applicable to uncarded wool, woolen yarn or piece 


8 

Loose wool can be scoured with carbonate of soda 
and ammonia. For 100 pounds of wool, put into a box 
of 375 gallons capacity, 12 pounds of carbonate of soda 
and 8 pounds of carbonate of ammonia. Let the wool 
stand in it twenty minutes at 95° F., and after squeez- 
ing return it to another bath, containing 10 pounds of 
carbonate of soda, allow to stand for 15 minutes and 
then rinse. The first bath should be renewed fre- 
quently, as it contains all the impurities. 

For woolen yarn, use for 60 pounds two boxes of 100 





gallons capacity. The first box shou!d contain 90 gal- 
lons of water and 4 pounds of ammonia, at 10° B., work 
the skeins ia this for three minutes, let stand for 
fifteeu minutes, wriug them and repeat the ration 
in the second box. ose finally many times with frech 


water. 

Wovlen piece goods should be treated in a | 
wooden box, with 8 pounds of carbonate of soda and 4 
pounds of carbonate of ammonia, for 160 pounds of 
goods. The temperature should be 95° F. Turn the 
pieces for twenty winutes and then let them stand 
overnight; then turn for ten minutes and squeeze. 
They should then be turned for forty minutes in a bath 
at 140° F., with 8 ounces of ammonia for 200 pounds of 
wool, and then thirty minutes in water only at 140° F. 

On account of the wetting of the wool by this prepa- 
ratory treatment, it is best to proceed immediately to 
the dyeing. If the fibers are left for too long a time, 
those that are exposed dry or, at least, the moisture 
becomes uneq ually distributed on account of difference 
of pressure or incipient drying and leads to uneven 
fixation of the color in the first phases of the dyeing. 

The first two conditions for successful dyeing are, 
then, moisture and scouring. The dyer ought 
not to watch the scouring less carefully than he does 
the  y bath and its composition. 

It is wecessary, as far as possible, to dissolve the 
color by itself, or, at any rate, only to introduce the 
goods when the color is well dissolved. So far as arti- 
ficial coloring matters are concerned, their solution re- 
quires special care, as the presence of particles which 
have not dissolved causes unevenness, streaks and more 
or less spots. Usually the solution should be made 
hot, as below: Turn upon the coloring matter water at 
175° F., stir ntly, screen through flannel or a very 
fine sieve. urn water upon the coloring matter until 
everything soluble has n dissolved. As is well 
known, artificial colors often contain insoluble mat- 
ter, resinous matter, etc. It is important that only 
water whose alkalinity bas beeu corrected should be 


used for this purpcese. 
Solations of artificial premee matters are usually 
best pared with one-seventh ounce to four-fifths 


ounce to the gallon of water; the most common 
strength is two-sevenths ounce to the gallon. It de 
pends wore or less upon the solubility of the color. If 
old solutions are used, they must be heated anew to re- 
dissolve any crystalline particles which may have sepa- 
rated. It is best to prepare only as much solution az 
will be needed at once. When tes are used care 
must be taken to keep them in tightly closed recepta- 
cles in places where they will not freeze, and where 
there is no high temperature todry them up. It is 
absolutely necessary before using a paste tc mix it with 
a@ wooden stirrer, so that it may be perfectly homoge- 
neous. The surface should always be covered with a 
cloth and the cover put on over the cloth. 

Solutions of the color once prepared, it is necessa- 
ty to add it in ay portions to the dyebath after 
en | the fiber each time. The liquid in the bath 
should then be thoroughly stirred to make it uniform 
and the fiber returned. 

One very important condition for obtaining even 
colors is to proceed very slowly in the dyeing. The 
bath should be but slightly colored at the start; the 
goods should be ente cold and raised slowly to the 
desired temperature. If it is desired to delay the dye- 
ing at the start, add an auxiliary, such as salt or sul- 
phate of soda for benzidine colors upon cotton, or bi- 
sulphate of soda for azo colors on wool, or tartar for 
nearly all colors; tartar gives also a soft feel to the 


8. 

Finally it is absolutely necessary to move the cotton 
very often to even the color. or wool the motion 
must be such that it will not felt it. 

If the dyeing is done upon a mordant, the dyer 
should be careful that the mordanting bath is proper, 
that the mordant is perfectly dissolved, and that the 
dyeing follows at the proper time. After mordanting 
wool with bichromate it should be dyed without delay, 
for the chrome is sensitive to the action of light. li 
passes, little by little, from yellow to green; the chromic 
acid is reduced by the sun’s rays and changed into 
oxide of chrome, which is a The parts which 
have not been exposed to this action dye more rapidly, 
and irregularities are thus caused. 

Another cause of irregularity is the phenomenon pre- 
sented by certain fibers, wool especially, of continuing 
to dye after removal from the bath, as long as they 
contain the warm dye liquor. The wool continues 
under these circumstances to fix the coloring matter 
and the shade becomes a little darker. Care should be 
taken to wash the fiber as soon as it is raised from the 
dye bath; if, on the contrary, it lies upon boards or 
hangs on sticks, this further dyeing produces uneven- 
ness and i arities. To I rid of these, wash the 
fiber as soon as it is dyed. ut this method does not 
give such rich shades as a continued treatment in the 
dye vat, after shutting off the steam, until the bath is 
entirely cold. Then wash. This is the best method. 

In any case the dyeing should be stopped just as 
soon as it is complete. Temperature and the length of 
the dyeing are of importance. Heavy goods require 
long dyeing. for if the middle of the piece escapes more 
or less the dyeing, it will become apparent when it is 


Finally, the last cauge of irregularity to be men- 
tioned is the existence, in the material to be dyed, of 
fibers of different kinds. In the case of cotton, for 
example, dead cotton or cotton picked before complete 
maturity, does not easily take the dye. In the case of 
wool, the finer it is the more coloring matter it can fix 
and the richer the shade obtained. The coarser the 
wool the less color it fixes. If the wool has not been 
well sorted and selected. great irregularities in dyeing 
can result.—Industrie il, ile Record. 








THE following cement for uniting iron castings is said 
to give good results: A mixture is com of equal 
parts of sulphur and white lead, with about one-sixth 
portion of borax, the three being thoroughly incorpo- 
rated ther, so as to form one homogeneous mass. 
When application is to be made of this composi- 
tion, it is wet with strong sulphuric acid, dnd a thin 
layer of it is placed between the two pieces of iron, these 
being at once pressed together. In five days it will be 
perfectly dry, all traces of the cement having vanished, 





and the work having every appearance of welding. 












Jury 25, 1891. 


SCIENTIFIC AMERICAN SUPPLEMENT, No. 812. 





12969 











IMPROVED HEL)X-FORMING MACHINE. 


THE accompanying illustrations, Fi 
resent a part plan, general view, an 
o 


atented by Mr. J. Laidlaw, of the firm of 


Vatson, Laidlaw & Co., engineers, Glasgow, who are 
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Druslries, 
Fig. 1.—Part Puan. 


the makers of the machine. This machine is intended 
for giving a helical form to straight bars. The bars are 
bent by passing them through a series of rollers, of any 
number in the series, but preferably three. Oneof the 
rollers is carried on the end of a shaft. The upper or 
neck bearing of this roller serves as an axis for a turn- 
table, which carries one of the rollers at a determined 
distance from the revolving center of the turntable. 
The third roller is carried on a short shaft runningina 
bearing cast on the framework, and located immedi- 
ately underneath the turntable, There is a slot in the 
turntable to allow this third roller to come into suitable 
position, and at the same time permit of the turntable 
being moved round as much as is required. It will be 
seen that since the axis of the first and the axis of the 
third roller carried from below the tarntables have 
fixed centers, the roller carried upon the turntable 
may readily be moved into any suitable position rela- 


1, 2 and 8, re- 

a side elevation 
rt an interesting machine which has Lee 4 been 
essrs. 


tive to the other two rollers to obtain the required 
curve. Suitable ves are made in all the rollers to 
suit the section of the bar to be operated upon. A 
suitable roller or guiding surface is attached to the 
table in such a position that- the curved bars, when 
leaving the rollers, are forced over it to give them the 
uired helical form. 

ferring to Figs. 1 and 3, B, C, and D are the three 
rollers, of which B is carried on a shaft, E, whose 
upper or neck bearing forms the axis for the table F. 
The roller C is supported on and moves with the table 
and is therefore always at a constant distance from 
the roller B. The third roller D is carried on an in- 
dependent shaft which projects through the slot G in 
the table. It will thus be seen that, by tarning the 
table through a portion of a revolution, the distance 
between the rollers C and D can be varied at will. A 
rack Y is formed on the ZT of the turntable, so 
that the turntable, with the roller it carries, ss 
turned by means of the hand wheel H and worm wheel 
I. The position of the roller C relatively to the rollers 
B and D can thus be adjusted to suit the curve into 
which the bar is to be formed. The rollers are grooved 
as shown to suit the section of the bar to be operated 
upon. A guiding surface J is formed upon or fixed to 
the turntable in order to set the bar up into the heli- 
cal form after it passes through the bending rollers. 
The rollers B,C, and D are actuated by reversible 
gearing beneath the table, as shown in Fig. 3, the 
roller B and spur wheel K being driven by the worm 
and worm wheel L M, the said spur wheel K gearin 
with the spur wheel N, which actuates a tooth 
wheel on the axis of the roller D. The wheel O, on 
the shaft of the roller C, also derives wotion from the 
spur wheel K.—Jndustries. 








ELECTRICITY IN THE PRODUCTION OF 
ALUMINUM.* 


By Prof. M. G. FARMER. 


DuRING the year 1859, wnile I was experimenting 
upon wires of different materials for the purpose of 
producing an electric light, I chanced to try a wire of 
aluminum. When the wire was well heated by the 
electric current, I noticed that the light given out by 
it approached quite closely in brilliancy to that given 





| 


out by incandescent platinum. When I approached 
a steel darning needle to the wire loop, I saw that the 





~ * Discussion of a paper read before the American Institute of Electrical 
Engineers by Alex, 8. Brown, New York, April 21, 1891. 
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IMPROVED HELIX-FORMING MACHINE. 





wire was deflected, as any wire should be which car- 
ried an electric current in a magnetic field. Its be- 
havior was different in this respect : A wire of plat- 
inum would retain much of its elasticity even when 
heated to a high temperature ; not so with the wire of 
aluminum, it seemed to wholly lose its elasticity, and 
was as mobile or flexible as a string or thread. I do 
not know what, but something prompted me to punc- 
ture the heated aluminum wire, and when I withdrew 
the darning needle there followed it a stream of 
melted aluminum to a distance as great as one 
quarter of an inch or more. I swung the loop, but the 
wire did not fall apart, although it was fluid inter- 
nally, but exteriorly it seemed coated with an oxide 
which retained its cohesion and supported the wire 
against gravity. I noticed that the wire after it had 
been heated and cooled once or twice was shriveled 
and appeared shranken, like to a shed snake skin. 

My next experiwent of promise was in 1856, when I 
deposited electrolytically some aluminum upon a 
copper wire. I also coated a German silver spoon 
with it, and the plating was well done, and it wore 
well. This experiment me to predict at that time 
that at some future date aluminum would be pro- 
duced and sold profitably at 65 cents per pound. I 
was not so far out, for at this date, 189i, the Pitts- 
burg Redaction Company offers it for sale at $1.50 
per pound, and an inferior quality at 90 cents per 
pound, although in 18561 was oa to pay $2 50 per 
ounce avoirdupois for the metal which I was using in 
my experiments. From the counter electromotive 
force apparent in the circuit, I was led to think that 
several crucibles or tanks arranged in series would be 
worked more cheaply than a single crucible or tank. 
My reasonings on this point led me, in 1885, to apply 
for a patent, and on April 7 of that year pateut No. 
315,266 was granted to me, which shows crucibles ar- 
rangéd in series in the circuit. About the year 1863, 
I commenced making experiments on alloys of alumn- 
inum with various other metals, such as copper, sil- 
ver, zinc, tin, nickel, cadmium, iron, ete. I patented 
two of these alloys, one of which, No. 38,301, covered 
the composition of an alloy which so closely resembled 
18 carat gold as to deceive the wost experienced deal- 
ers in that metal when judging merely by its looks. 
I made of this alloy watch cases, chains, thimbles, 
knives, forks, spoons, and some of these are now iu 
good condition. 

The second ~~~ No. 44,086, was for an alloy 
which should adapted for sheathing metal for 
ships’ bottoms, but the then price of aluminum was 

rohibitory. I made of this alloy keys, ships’ nails, 

lis for grinding —— without striking fire, 
and many other useful things. I had a blacksmith 
draw out one of these nails to double its original 
length without cracking it in the least, and although 
it was stretched from 244 to 44¢ inches in length, yet 
it showed no flaw. I drove a nail which was 14 
inches in length into a block of lead its whole length 
without seriously bending or crippling it. I presume 
that at that date I compounded more than one bun- 
dred of these different alloys. I look upon the alloys 
of aluminum with other metals asa most prowising 
field of investigation. I tested wires made from some 
of these alloys which did not break short of 130,000 
pounds per square inch. The shrinkage of these al- 
loys when cast is remarkable, and needs to be pro- 
vided against. Among the oe 4 of these alloys which 
I compounded was one which had a peculiar ‘cry ” 
when ing through the rolls, resembling block tin 
when it is bent, only that it was much louder, and it 
lasted as long as ten minntes, perhaps, and it could 
be heard at the distance of 75 to 100 feet. 

I come next to the very interesting paper of Mr. 
Brown. He séys in effect that there is at Boonton a 
dynamo weighing over 19 tons, which will, at an 
armature velocity of 220 revolutions per minute, main- 
tain a current of 3,500 amperes under a pressure of 35 
volts; of course, the total resistance of the circuit 
must not exceed 0°01 ohw in order for this current to 
be possible. This resistance must include the resist- 
ance of the crucible, plus that of the dynamo, plus 
that of the leading wires or conductors which com- 
plete the circuit. The distance of the dynamo from 
the crucible is stated to be about 14 feet, and the 
cross section of these conductors is given as about four 
square inches; hence this leading wire resistance may 
be about 0°0008 ohm. He does not give us the resist- 
ance of the crucible, nor its complete dimensions, nor 
the specific resistance of the contents of the 
crucibles ; all we can infer is that the total resist- 
ance of the circuit cannot exceed 0°01 ohm. 

Now, a current of one ampere can liberate 
000114 pound of aluminum per hour, hence a current 
of 8,500 am res can liberate not wore than 3°99 
pounds of aluminum per hour, or 95°76 pounds in a 
day of 24 hours, and it would require at least 164°1 
horse power to turn the dynamo while doing it, were 
the efficiency of the system unity; but as its efficiency 
probably does not exceed 90 per cent., it would require 
183°75 horse power for the liberation of the 3°99 pounds 
in one hour, or at the rate of 46 horse power for the 
liberation of one pound of aluminum. 

In a recent lecture delivered in Boston by Mr. Al- 
fred E. Hunt, president of the Pittsburg Reduction 
Company, he states that it uires about 22 horse 
power to liberate one nd of aluminum per hoar at 
their works, and he gives the production ag not far 
from 500 pounds daily. Possibly even this is not the 
best attainable result. Suppose that we should 
employ four crucibles in series in the circuit, as illus- 
trated in my patent, No. 315,266, issued April 7, 1885, 
each crucible having an internal resistance of 0005 
ohm. Suppose, further, that the dynamo and its 
leading wires should offer a resistance of 0002 ohm, 
then the total resistance would amount to 0°022 ohm. 
Now, instead of employing a current of 3,500 amperes, 
suppose that the current should be reduced to 1,000 
amperes, then our hourly production of aluminum 
from the four crucibles would amount to 4°56 pounds, 
or 108°4 pounds in a day of 24 hours. In order to 
maintain acurrent of 1,000 amperes in this circuit of 
0022 ohm resistance against a counter electromotive 
force of 14°28 volts, it would be needful that the 
aa should be able to produce a pressure of 33°28 
volts. 

Next, sup that we put ten crucibles instead of 
four into the cirsuit, with a dynamo that bas an in- 
ternal resistance of 0°001 ohm ; this includes the resist- 
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to the crucibles; suppose, further, that each crucible 
with its leading wire should offer a resistance of 0 001 
ohm, then our total resistance in circuit will be 0°011 
ohm; suppose, also, that our current remains as be- 
fore, 1,000 amperes, then our hourly production from 
the ten crucibles will amount to 11°4 pounds, or to 
273°6 pounds in a day of 24 hours. To maintain this 
current of 1,000 amperes in this circuit of 0°011 ohm will 
require that the dynamo shall maintain a pressure of 
39°2 volts, and the power required to turn the machine 
will be 58°8 horse power, and the honrly production of 
one pound will require the exertion of only 515 horse 
ower, instead of 46, as in Mr. Brown's case, or 22 in 
r. Hunt's case. Even this economy can be sur- 
pees if we attentively study the following equation ;: 
set p=0°0015 be the horse power corresponding to one 
volt ampere, allowing for an efficiency of 90 per cent. 
in the dynamo; let g=0°00114 be the quantity of alum- 
inum liberated in a crucible in one hour by a current 
of one ampere ; let V denote the number of crucibles 
arranged in series in the circuit; let C denote the 
strength of the current in amperes; let V denote the 
pressure in volts exerted by the dynaino; let e denote 
the counter electromotive force encountered in each 
crucible—I compute its value to be e=2°82, with a pos- 
sibility that it may be less at the actual temperature 
of reduction. Let 7 denote the time that the current 
is active in the production of W pounds of aluminum. 
Thea W gq NCT. also the power P, exerted by the 
engine, will be denoted thus: P=p V C, and the latter 
divided ey former will be thus expressed: P+ W= 
p V C+q N C 7; now canceling C from both numerator 
and denominator, we get P+W=p V+q NT, and if 7 
be unity, and if for p+q we substitute their value 
0°0015=0°00114=1 815, we get P+ W=1'315x V+. Now 
substitute for Vits value in terms of CB R Nande 
and we get P+W=1°315x(C B+C NWN R+N e)=1315x 
(C B+N+C R+e), which shows that the power per 
pound required diminishes as C, B, R diminish, and as 
N increases, ¢ remaining constant all the while, being 
fixed by the laws of chemical action. 
0.05 


If we allow as the cost of one horse power, ac- 





22 

cording to Mr. Hunt’s estimate, given at Boston, and 
if we allow $0.06 to be the cost of the ore requi to 
produce one pound of aluminum, allow also 0°01 for 
the cost of the chemicals used in purifying it and pre- 
paring it for the crucibles: allow $0°02 for the cost of 
earbon anodes consumed per pound of aluminum 
produced ; allow, also, $0.06 for labor, superintend- 
ence, depreciation, interest, ete., substituting our esti- 
mate of possibly five horse power per pound of alum- 
inum per hour, we get its total possible future cost 
per pound down to less than $0.17 per pound, or to 
less than $340 per ton, and if it be sold at $0.25 per 
pound, or $500 per ton, an establishment which could 
turn out only ten tons daily would be in the receipt of 
a daily profit of $1,600, or a yearly income exceeding 
$480,000, which would surely pay good interest on 
quite a large capital ; what, then, would be its profits 
were it to charge $1.50 per pound, as the Pittsburg 
Reduction Company charges at the present date of 
writing? But 1 must leave this interesting discussion 
for abler hands than mine. 


A NEW ELECTRIC LAMP FOR LANTERN 
PROJECTION. 

Tuts lamp is a cross between the are and incandes- 
cent systems, but possesses advantages which neither 
one nor the other alone can boast. he lamp consists 
of a small metal insulated box—that is to say, it is 
made in two parts, which are insulated from one an- 
other, but bolted together. Two tubes are attached to 
this box, one on each side, each tube holding a carbon 
pencil about four inches long and 5g of an inch in dia- 
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meter. But the peculiarity of these carbons is that 
one is hollow—that is to say, it is bored throughout its 
length, and an auxiliary carbon rod of less than a 
quarter of an inch in diameter slides freely in the tube 
thus provided. Another peculiarity which makes this 
form of lamp differ from all other regulators is the 
presence of a block of refractory material, which may 
be either a soft kind of Carrara marble or an artifi- 
cial stone resembling fire clay. 

Referring to the accompanying illustration, the 
lower carbon is solid, while the upper one has a hole 
through its length, as shown, and in this hole the slid- 
ing carbon rod is seen in section. There is an opening 


at one side of the marble block, and in the diagram it 
is shown how the rays of light proceed from that 
point, 

The action of the lamp is as follows : The two carbon 
rods are kept at a fixed distance frow one another by 
the marble block, which, it is seen, is excavated at top 





and bottom for their reception. It is, therefore, evi- 
dent, from what has already gone before, that no light 
can come from them while they are separated ; but a 
sliding rod within the upper carbon furnishes the 
necessary initiatory touch. By the action of an elec- 
tromagnet, it automatically slides through the upper 
carbon and touches its opposite neighbor. Directl 
this is done, and the are established, it is drawn bac 
by the same agency. When the arc is established, it 
hee within the opening in the marble block, and 
therefore brings that block to a white heat. 

The advantages of this form of lamp will be readily 
acknowledged by any one who understands lantern 
work. To begin with, the light spot is swall, and un- 
like that afforded by many other electric regulators, it 
remains steady and in one position. The next point is 
that the somewhat cold glare common to are lamps 
generally is modified by the presence of the refractory 
waterial, and the blue tone is changed to a somewhat 
warm light, more like that which is identified with the 
lime light. Indeed, in one respect, we may compare 
this lamp toa lime jet, although, of course, it is far 
more brilliant; for the Carrara warble, under the in- 
fluence of the intense heat to which it is subjected, 
must be actually turned into the same material which 
is rendered incandescent in the older fashioned light, 
viz., lime. And this forms rather a weak point in the 
newly devised lamp, because, when the marble is 
changed in that way and left idle, it beeomes easily at- 
tacked by dawp, and is apt to fall to pieces in a moist 
atmosphere. For this reason it is found essential, in 
some situations, to exchange the marble for a block of 
fire clay, which is not subject in any way to atmo- 
spheric changes. 

To sum up the advantages claimed for this form of 
regulator for projection purposes, we may note first 
its great illuminating power, the color of the light, 
and its steadiness. Phe great simplicity of the 
apparatus is the next feature to be considered, for 
really there is no mechanism at all, if we except 
the electromagnet for connecting the smaller carbon 
and the two simple springs which keep the two 





WILHELM EDUARD WEBER. 


larger carbons firmly pressed into the cavities pro- 
vided for them. The economy of the lamp, in com- 
parison with other forms of regulators, is great ; for 
it is stated that two four-inch carbons will feed it 


continuously for more than fifty hours. And there is| p 


no waste in these carbons; they consume at the rate 
of one-sixteenth of an inch per hour, and leave no 
residue. As the carbon is sold at one shilling per foot, 
it will be seen that the expense of this material for 
each lawp is under one farthing per hour, The mar- 
ble blocks last from twenty-five to thirty hours, but 
as already indicated, the artificial fire clay will last a 
great deal longer. 

We hope soon to have the opportunity of trying this 
new form of are lamp in the optical lantern. e un- 
derstand that the heat from it is considerably less than 
that from the lime light—a fact which may, perhaps, 
be accounted for from the peculiar construction of the 
apparatus, which would cause a great deal of the heat 
to be absorbed. The lamp, we need hardly say, is also 
particularly suitable for lighthouse use, for mast head 
lights for ships, for search lights, for naval and military 
purposes, and it may prove to be, from its great steadi- 
ness, one of the best forms of lamp that can be em- 
ployed in the photographie studio. But the purpose 
of the present article is to show how well it is adapted 
for the work of projection, and, of course, under this 
head will also come its employment in photographic 
enlarging apparatus.— Photo. News. 








WILHELM EDUARD WEBER. 


THE death of Wilhelm Eduard Weber at Goettingen 
is announced. he accompanying portrait and sketch 
of the eminent scientist is taken from ‘* Derivation of 
Practical Electrical Units,” by F. B. Badt: 

Wilhelm Eduard Weber was born at Wittenberg, 
October 24, 1804. In 1831 he was professor of physics 
at the University of Goettingen, and in 1843 was pro- 
fessor at the University of Leipzig. In 1849 he is found 
again at the University of Goettingen. He published, 
with Gauss, in 1836-41, the results of observation of 
the Magnetic Association. In 1840 he published the 
‘*Atlas of the Earth’s Magnetism.” From 1846 to 1878 
he compiled “ Electro Dynamic Measurements.” In 
this latter work Weber introduces the system of abso- 
lute units. 

In the earlier stages of the science several units were 
introduced for the measurement of quantities dealt 
with in electricity. In illustration may be mentioned 
the wire of Jacobi (25 feet of copper wire weighing 345 
grains), the mereury column of Siemens (a meter long 
with a section of a square willimeter), which at given 





| temperatares furnished units of resistance, and the 


Daniell cell, which furnished the unit of electromotive 
force. Jacobi’s current unit was based on the elec- 
trolytic decomposition of water. One cubic centimeter 
of oxyhydrogen gas is formed each minute. All these 
units were porfectly arbitrary, and there was no con- 
nection of any kind between them. The introduction 
of a rational system of unitation, based on the funda- 
mental units of time, mass, and length, was one of the 
greatest achievements of modern times. The impulse 
eame from the famous memoir of Gauss, ‘* Intensitas 
Vis Magnetice Terrestris and Mensuram Absolutam 
Revocata,” in 1832. In conjunction with Weber, he 
introduced his principles into the measurement of the 
earth’s magnetic force. 

To Weber belongs the eredit of doing a similar ser- 
vice for electricity. He not only devised three differ- 
ent systems of such units, the electro dynamic, the 
electro static, and the electro magnetic, but he carried 
out a series of measurements which practically intro- 
duced the last two systems. 

The practical units which are in use to-day are 
simply certain multiples of the absolute or Centimeter- 
Gramme-Second (C. G. 8.) units. The absolute units 
are either too great or too small for practical use, and 
for convenience the “ practical units” were adopted, 
= which the names of the most famous electricians are 
given. 

Weber was the most illustrious among the successors 
of Ampere. He greatly improved the construction of 
the galvanometer and invented the electro-dynamo- 
meter. To these instruments he applied the mirror 
scale and telescope method of reading, which had been 
suggested by Poggendorf and used by him and Gauss 
in magnetic measurements about 1883. In 1846 he 
tested by means of his improved apparatus the funda- 
mental laws of Ampere. The result of his researches 
was toestablish the truth of Ampere’s principles, as 
far as experiments with closed circuits could do so, 
with a degree of accuracy far beyond anything attain- 
able with the simple apparatus of the original dis- 
covery. Applying his improved instruments, he also 
obtained accurate verification of the laws of induction, 
which by this time had been developed mathematically 
by Neumann and himself. The experiments of Weber 
must be considered as experimental evidence establish- 
ing the theory of Ampere, and as such they form one of 
the corner stones of electrical science. lausius and 
Siemens proposed the term weber for the — 
unit of the strength of the m etic pole. his unit 
is equal to 10°C. G. S. units. The term has not yet 
been generally adopted as a practical unit. The term 
weber was formerly employed to designate the unit 
strength of current. This term is now replaced by the 
ampere. 








CRYSTALLIZATION.* 


THERE is something very fascinating about crystals. 
It is not merely the intrinsic beauty of their forms, 
their picturesque grouping, and the play of light upon 
their faces, but there is a feeling of wonder at the po- 
wer of Nature, which causes substances, in passing from 
the flaid to the solid state, to assume regular shapes 
bounded by plane faces, each substance with its own 
set of forms, and its faces arranged with characteristic 


geen some, like alum, in perfect octahedra; oth- 
ers, like blue vitriol, in shapes which are regularly 
oblique. It is this power of Nature which is the sub- 


ject of this discourse. I hope to show that crystalline 
forms, with all their regularity and symmetry, are the 
outcome of the accepted principles of mechanics. I 
shall invoke no peculiar force, but only such as we are 
already familiar with in other facts of Nature. I shall 
eall in only the same force that produces the rise of a 
liquid in a capillary tube and the surface tension at the 
boundary of twosubstances which do not mix. Whether 
this force be different from gravity I need not stop to 
inquire, for any attractive force, which for small mass- 
es, such as we suppose the molecules of matter to be, is 
only sensible at insensible distances, is sufficient for my 


ur \ 

We know that the external formsof crystals are inti- 
mately connected with their internal structure. This 
is betrayed by the cleavages with which in mica and 
selenite every y is familiar, and which extend tothe 
minutest parts, as is seen in the tiny rhombs which 
form the dust of crushed calcite. Itis better marked 
by the optical properties, single and duuble refraction, 
and the effects of crystals on polarized light. These 
familiar facts lead up to the thought that it is really 
the internal structure which determines the external 
form. As a starting point for considering that 
structure, I assume that crystalline matter is made 
up of molecules, and that, whereas in the fluid state 
the molecules move about among themselves, in the 
solid state they have little freedom. They are always 
within the range of each other’s influence, and do not 
change their relative places. Nevertheless, these mole- 
cules are in constant and very rapid motion. Not only 
will they communicate heat to colder bodies in 
contact with them, but they are always radiating, 
which means producing waves in the ether at the rate 
of many billions in a second. We are sure that they 
have a great deal of energy, and, if they cannot move 
far, they must have very rapid vibratory motions. It 
is reasonable to suppose that the parts of each mole- 
cule swing, backward and forward, through or about, 
the center of mass of the molecule. The average dis- 
tances to which the parts swing will determine the 
average dimensions of the molecule, the average space 
it oecupies. 

Dalton fancied he had proved that the atoms of the 
chemical elements must be spherical, because there was 
no assignable cause why they should be longer in one 
dimension than another. I rather invert his argument. 
1 see no reason why the excursions of the parts of a 
wolecule from the center of mass should be equal in all 
directions, and therefore assume, as the most general 
ease, that these excursions are unequal in different di- 
rections. And since the movements must be symmetri- 
cal with reference to the center of mass of the mole- 
cule, they will in general be included within an ellip- 
soid, of which the center is the center of mass. 

Here I may, perhaps. guard against a misconception. 
We chemists are familiar with the notion of complex 
molecules; and most of us figure to ourselves a molecule 
of common salt as consisting of an atom of sodium and 





*A discourse delivered at the Royal Institution of Great Britain, on 
Friday, May 15, 1801, by G. D. Liveing, F.R.S.— Nature, 
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one of chlorine held together by some sort of force, and 
it may be i that these atoms are the parts of 
the molocules which I have in mind. That, how- 
ever, is not my notion. I am xical enough to 
disbelieve altogether in the existence of either sodium 
or chlorine in common salt. Were my audience a less 
philosophical one, I could imagine heard the re- 
tort from many a lip: “* Why, you can get sodium and 
chlorine out of it, and you can make it out of sodium 
and chlorine!” But no, you cannot get either sodium 
or chlorine out of common salt without first adding 
something whieh seems to me of the essence of the 
matter. You can get neither sodium nor chlorine from 
it without adding energy; nor can you make it out of 
these elements without subtracting energy. My point 
is that ene is of the essence of the molecule. Each 
kind of molecule has its own motion; and in this I 
think most physicists will agree with me. Chemists 
will agree with me in thinking that all the molecules 
of the same element, or compound, are alike in mass, 
and in the space they occupy at a given temperature 
and pressure. The only remaining assumption I make 
is that the form of the ellipsoid—the relative lengths of 
its axes—is on the average the same for all the molecules 
of the same substance. This implies that the distances 
of the exeursions of the parts of the molecule depend on 
its constitution, and are, on the average, the same in 
similarly constituted molecules under similar circum- 
stances. 

I have come to the end of my postulates. I hope 
they are such as you will readily concede. I want you 
to conceive of each molecule as having its in ex- 
tremely rapid vibration, so that it occupies a larger 
space than it would oceupy if its parts were at rest; 
and that the excursion of the parts about the center 
of mass are on the ave , at a given temperature and 
pressure, comprised within a certain ellipsoid; that the 
dimensions of this ellipsoid are the same for all mole- 
cules of the same chemical constitution, but different 
for molecules of different kinds. 

We have now to consider how these molecules will pack 
themselves on passing from the fluid state, in which 
they can and do move about among themselves, into 
the solid state, in which they have no sensible freedom. 
If they attract one another, according to any law, and 
for my purpose gravity will suffice, then the laws of 
energy require that for stable equilibrium the poten- 
tial energy of the system shall be a minimum. his is 
the same, in the case we are considering, as saying that 
the molecules shall be packed in such a way that the 
distances between their centers of mass shall on the 
whole be the least possible; or, that as many of them as 
possible shall be packed into unit space. In order to see 
how this packing will take place, it will be easiest to 
consider first the particular case in which the axes of 
the ellipsoids are all equal—that is, when the ellipsoids 
happen to be spheres. The problem is then reduced to 
finding how to pack the greatest number of equal 
spherical balls into a given space. It is easy to vellens 
this to the problem of finding how the spheres can be 
arranged so that each one shall be touched by as many 
others as possible. In this way the cornered spaces 
between the balls, the unoccupied room, is reduced toa 
minimum. You can stack balls so that each is touched 
by twelve others, but not by more.- At first sight it 
seems asif this might be done in two ways. 

In the first place we may start with a square of balls, 
as in Fig. 1, where each is touched by four others. We 
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may then place another (shaded in the figure) so as to 
rest on four, and place four more in adjacent holes to 
touch it, as indicated by the dotted circles. Above 


Again, if we start with such a triangle, as in Fig. 
where ensh bail is touched by six others, we can ~ a. 


one ball—the shaded one—so as to rest on three others, 
a six more round it and touching it, | pac 
y 


and can then 


as indicated the dotted circles, In three of the 
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triangular holes between the shaded ball and the 
dotted balls touching it we can place three more, so 
as to touch the shaded ball—again twelve touching it 
in all. If we complete the pile, we shall get the tri- 
angular pyramid represented by Fig. 4, where each 
of the three sides is a right-angled triangle, while the 
base is an equilateral triangle. It will be seen that in 
the faces of this pyramid each ball (except those out- 
side) is touched by four others. In fact, the arrange- 
ment in these faces is the same as in the base of the 
former pyramid ; and the two arrangements are 
really identical in the interior, only one has to be 
turned over in order to bring it into parallelism with 
the other. Fig. 2 represents half a regular octahe- 
dron ; Fig. 4 the corner of acube. Ellipsoids, if they 
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are all equal and similiar to one another, can be 
packed in precisely the same way, so that each is 
touched by twelve others, provided their axes are kept 
parallel to each other—that is, if they are all oriented 
alike. This, then, by the laws of energy, will be the 
arrangement which the molecules will assume, in con- 
sequence of mutual attraction, in passing from a fluid 
to a solid state. 

Next, let us see how the packing of the molecules 
will affect the external form. And here I bring in the 
surface tension. We are familiar with the effects of 
this foree in the ease of liquids, and if we adopt the 
usually received theory of it, we must have a surface 
tension at the boundary of a solid, as well as at the 
surface of aliquid. I know of no actual measures of 
the surface tension of solids; but Quincke has given 
us the surface tensions of a number of substances at 
temperatures near their points of solidification, in 
dynes per lineal centimeter, as follows: 


Platinam.........20¢ 1658 | Antimony.......... 244 
Gold. 983 I cindhinisnctaly beibcahie, os 212 
i cteeciclecpetiniecmceteel 860 | Sodium carbonate... 206 
, AR ER: See 587 | Sodium chloride..... 114 
EE 4. SR 86°2 
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ee 419 | Sulphur............. 41°3 
rere 382 | Phosphorus........ 411 
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The surface tensions of most of the solids are prob- 
ably greater than these, for the surface tension gener- 
ally diminishes with increase of temperature ; and you 
see that they amount to very considerable forces. We 
have to do, then, with an agency which we cannot 
neglect. Inall these cases the tension measured is at 
asurface bounded by air, and is such as tends to 
contract the surface. We have, then, at the boundary 





these four more may be placed in the openings a, d, c, 
d, so as to touch it—making twelve in all. If the pile 





Fie. 
be completed, we shall get a four sided pyramid, of 
whieh each side is an equilateral trian os repre- 
Fig. 2. It will be seen that, in these trianga- 


each ball (except, of course, 
is touched by six others. 


sented in 
lar faces, 


the edges) those forming 


between a crystallizing solid and the fluid, be it gas 
or liquid, out of which it is solidifying, a certain 


2. 
amount of potential ene ; and by the laws of en- 
ergy the condition of equilibrium is, that this po- 


tential energy shall be a minimum. The accepted 


therefore be a minimum for a surface in which the 
molecules are as closely set as possible. 

Now, if you draw a surface through a h of balis 
ked so that each is touched by twelve ers, you 
will find that the surfaces which have the a! 
number of centers of balls per unit area are plane 
surfaces, That in which the concentration is greatest 
is the surface of a regular octahedron, next comes that 
of a cube, then that of a rhombic dodecahedron, and 
so on according to the law of indices of crystallo- 
Pane, 

e relative numerical values of these concentra- 
tions are as follows, taking that of the faces of the 
eube as unity : 


1°1547 | Tetrakishexahedron 0°4472 
1°0000 | Eikositessarahedron 0°4088 


0°7071 | Triakisoctahedron.. 0°3338 


We do not know that the surface tension is exactly 
in the inverse proportion to the concentration. All 
that we can at present say is that it increases as the 
concentration diminishes. 

If, then, the molecules occupy spherical spaces, the 
bounding surface will tend to be a regular octahedron. 

But we have another point to consider. If a solid is 
bounded by plane surfaces, there must be edges where 
these planes meet. At such an edge the surface ten- 
sions will have a resultant (see Fig. 5) tending to com- 
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press the mass, which must be met by a correspond 
ing egg pressure, and unless there is some 
internal strain, there must be a_ corresponding 
resultant of the tensions on the opposite side of 
the erystal. Hence, if one face of a form is de- 
veloped, the opposite face will also be developed ; and 
generally, if one face of a form be developed, all the 
faces will be developed ; and if one edge, or angle, be 
truncated, all the corresponding edges, or angles, 
will be truncated. Were it otherwise, there would 
not be a balance between the surface tensions in the 
several faces. But there is another point to be taken 
into account. The surface energy may become less in 
two ways—either by reducing the tension per unit 
surface or by reducing the total surface. When a 
liquid separates from another fluid, as chloroform 
from a solution of chloral hydrate on adding an alkali, 
or a cloud from moist air, the liquid assumes the form 
which, for a given wass, has the least surface—that is, 
the drops are spherical. If you cut off the projecting 
corners and plane away the projecting edges of a cube 
or an octahedron, you bring it nearer to a sphere, and 
if oe suppose the volume to remain constant, you 
still diminish the surface. And if the diminution of 
the total surface is not compensated by the increased 
energy on the truncations, there will be a tendency 
for the erystals to grow with such truncations. The 
like will be true in more complicated combinations. 
There will be a tendency for such combinations to 
form, provided the surface energy of the new faces is 
a too great as compared with that of the first simple 
orm. 

But it does not always happen that an octahedron 
of alum develops truncated angles. This leads to an- 
other point. Po produce a surface in a continuous 
mass uires a supply of energy, and to generate a 
surface in the interior of any fluid is not easy. Air 
may be supersaturated with aqueous vapor, or a solu 

tion with a salt, and no cloud or crystals be formed, 
unless there is some discontinuity in the mass, specks 
of dust, or something of the kind. In like manner, if 
we have a surface already, as when a supersaturated 
solution meets the air or the sides of the vessel con- 
taining it, and if the energy of either of these surfaces 
is less than that of a crystal of the salt, some energy 
will have to be supplied in order to produce the new 
surface, but not so much as if there were no surface 
there to begin with. Hence, crystals —— form on 
the sides of the vessel or at the top of the liquid. 

When a solid separates from a solution there is gen- 
erally some energy available from the change of state, 
which supplies the energy for the new surface. But 
at first view the mass deposited is very smal! the 
energy available will be correspondingly small, and 
since the mass varies as the cube of the diameter of 
the solid, whereas the surface varies as the square of 
the diameter, the first separated mass is liable to be 
squeezed into liquid in by its own surface tension. 

This explains the usual phenomena of supersaturated 
solutions. A deposit occurs most easily on a surface 
of the same energy as that of the deposit, because the 
additional energy required is only for the increased 
extent of surface. It explains, too, the tendency of 
large crystals to grow more rapidly than small ones, 

because the ratio of the increase of surface to that of 
volume diminishes as the crystal grows. 

While speaking of the difficulty of creating a new 
surface in the interior of a mass, the question of cleav- 
age suggests itself. In dividing a crystal we create 
two new surfaces—one on each piece, and each witli 
its own energy. The division must therefore take 
place most readily when that surface energy is a 
minimum. Hence the principal cleavage of a crystal 
made up of molecules having their motions comprised 
within spherical spaces will be octahedral. As a fact, 

we find that the greater part of substances which 

erystallize in the octahedral or regular system have 
octahedral cleavage. But not all; there are some, 

like rock salt and galena, which cleave into cubes, and 
a very few, like blende, have their easiest cleavage 
dodecahedral. These I have to explain. I may, how- 
ever, first observe that some substances—as, for in- 





theory of surface tension is that it arises from the 
mutual attraction of the molecules, The energy will 


stance, fluorspar—which have a very distinct octa- 
hedral cleavage, are rarely met with in the form of 
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octahedra, but usually in cubes. In regard to this, 
we inust remember that the surface energy depends 
upon the nature of both the substances in contact at 
the surface, as well as on their electrical condition, 
their temperature, and other circumstances. The 
closeness of the molecules in the stirface of the solid 
deterinines the energy, so far as the solid alone is con- 
cerned ; but that is not the only, though it may be the 
most important factor conducing to the result. It is 
therefore quite possible that, under the circumstances 
in which the natural crystals of fluor were formed, the 
surface energy of the cubical faces was less than that 
of the octahedral, although when we experiment on 
them in the air it is the other way. This supposition 
is confirmed by the well known fact that the form 
assumed by many salts in crystallizing is affeeted by 
the character of the solution. Thus alam, which 
from a solution in pure water always assumes the 
octahedral form, takes the cubic form when the solu- 
tion has been neutralized with potash. 

To return to the cubic and dodecahedral cleavages. 
If we suppose the excursions of the parts of the mole- 
cule to be greater in one direction than in the others, 
the figure within which the molecule is comprised will 
be a prolate spheroid ; if less, an oblate spheroid? 
Now, as already explained, the spheroids will be 
packed as closely as possible if the axes are all parallel 
and each is touched by twelve others. Now suppose 
the spheroids arranged as in Fig. 6, with their axes 





Fre. 6. 


perpendicular to the plane of the figure; place the 
next layer in the black triangular spaces, and complete 
the pyramid, The three faces of the pyramid will be 
equal isosceles triangles; and if the spheroids be 
obiate, and the axis half the greatest diameter, the 
three angles at the apex of the pyramid will be right 
angles. The crysta) will have cubic symmetry, but 
the relative condensation in the faces of the eube, 
octahedron, and dodecahedron, will be as 1 :v°577 
0°7071. The easiest cleavage would therefore be cubic, 
as in rock salt and galena, 

Again, if the spheroids have their axes and greatest 
diameters in the ratio of 1: 42, and we place four, as 
in Fig. 7, with their axes perpendicular to the plane of 
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the figure, then place one upon them in the middle, 


and then four more upon it, in positions correspond- | 


ing to those of the first four, we get a cubical arrange- 
ment, in the center of a spheroid in each angle ofa 
cube, and one in the center of the cube. Crystals so 
formed will have cubic symmetry, but the concentra- 
tion of molecules will be greatest in the faces of the 
dodecahedron, and their easiest cleavage will be, like 
that of blende, dodecahedral. 

If spheroids of any other dimensions be arranged, as 
in Figs. 1 and 2, with their axes perpendicular to the 
plane of Fig. 1, we shall get a crystal with the sym- 
metry Of the pyramidal system. If the spheroids be 

rolate, the fundamental octahedron will be elongated 

the direction of the axis, and if sufficieutly elongated, 
the greatest condensation will be in planes perpendic- 
ular to the axis, and the easiest cleavage, as in prus- 
siate of potash, in those planes. On the other hand, 
if the spheroids be sufficiently oblate, the easiest 
cleavage will be parallel to the axis, 

If spheroids be arranged, as in Fig. 6, with their 
axes perpendicular to the plane of the figure, they 
will, in general, produce rhombohedral symmetry, 


with the rhombs acute or obtuse, according to the} 


length or shortness of the axes of the spheroids. The 
eubical form already described is only a particular 
ease of the rhombohedral. 
axes of the spheroids and their greatest diameters be 
only a little greater, or a little less than 1: 2, the con- 
densation will be greatest in the faces of the rhom- 
bohedron, and the easiest cleavage will be rhombo- 
hedral, asin calcite. If the spheroids be prolate, the 
easiest cleavage will be perpendicular to the axis of 
symmetry, as in beryl and many other crystals. Such 
crystals have a tendency to assume hexagonal forms— 
equiangular six sided prisms and pyramids. To explain 
this, it may be seen in Fig. 6 that, in placing the next 
layer upon the spheroids represented in the figure, the 
three spheroids which touch that warked a may 
occupy either the three adjacent white triangles or 
the three black ones. Either position is equally prob- 
able. The layer occupying the white triangles is in 


the position of a twin to that occupying the black | 


triangles. So far as the central parts of the layer are 
concerned, it will make no difference in which of these 
ways the molecules are pucked. It is only at the edges 
that the surface tension will be affected. If the form 
growing be a rhombohedron, a succession of alternat- 
ing twins will produce a series of alternating ridges 
and furrows in the rhombohedral faces, which will 
give rise to increased surface tension, which will tend 
to prevent the twinning. On the other hand, an hex- 
agonal form and its twin, formed in the way indicated, 
are identical, and we have in this fact a cause tending 
to the production of hexagonal forms. This tendency 
is increased by the fact that, for a given volume, the 
total surface of the hexagonal forme is in general less 
than that of the rhombohedral. Indeed, such forms 


lend themselves to the formation of almost globular 
—- as is well seeu in pyromorphite and mimetite. 

f the spheroids be arranged with their axes in other 
positions than those we have been discussing, or if the 


If the ratio between the | 


molecules occupy ellipsoidal spaces, they will, when 

ked so that a in consed by twelve others, give 
Soaves of less symmetry. The results may be worked 
out on the lines indicated in the foregoing discussion, 
and will be found to correspond throughout to the 
observed facts. 

Bravais long ago proposed various arrangements 
of molecules to account for crystalline forms, and 
Sobncke has extended them to further degrees of com- 
plication in order to account for additional facts in 
crystallography. But neither of them has given any 
reason why the molecules should assume such arrange- 
ments. To me it seems that only one arrangement 
can be spontaneously assumed by the molecules, and 
that the varieties of crystalline form depend on the 
dimensions of the ellipsoids and the orientation of 
their axes. Curie also has indicated that the develop- 
ment of combined forms, as those of cube and octahed- 
ron, will depend on the surface tensions in the faces of 
these forms, but he has not indicated how the surface 
tension is connected with the crystalline arrangement, 
or why the energy of a cubic face should be greater or 
less than that of an 6ctahedral face. 

é are now in a position to understand the interest- 
ing facts brought forward by Prof. Judd in a dis- 
course delivered at the Royal Institution early this 
year. However long a crystal has been out of the 
solution, or vapor, from which it was formed, its sur- 
face tension will remain unaltered, and when it is 
replaced it will grow exactly as if it had not been 
removed. Also, if any part be broken off it, the ten- 
sion of the broken surface will, if it be not a cleavage 
face, be greater than on a face of the crystal, and in 
growing, the laws of energy necessarily cause it to 
grow in such a way as to reduce the potential energy 
—that is, to replace the broken surface by the regular 
planes of less surface energy. The formation of ** neg- 
ative crystals” by fusing a portion ip the interior of 
a crystalline mass, is due to the same principle, Sur- 
faces of least energy will be most easily produced in- 
side as well as outside, and in a crystalline mass of 
course they will be parallel to the external faces of the 
crystal. e see the same thing in the action of sol- 
vents. Most metals assume a crystalline texture on 
cooling from fusion, and when slowly acted on by 
dilute acids the surfaces of greater energy are most 
easily attacked, in accordance with the laws of energy, 
and the undissolved metal is left with surfaces of least 
energy, which are the faces of crystals. This is easily 
seen on treating a piece of tin plate, or of galvanized 
iron, with very dilute aqua regia. In fact, solution is 
closely connected with surface energy. It is probably 
the low surface energy of one form of crystals of sul- 
phur which makes them insoluble in carbon disul- 
phide, and this low surface energy may be aa electrical 
effect. 

I pointed out that the development of all the faces 
of a form, and the similar modification of all corre- 
sponding edges and angles of a crystal, is in general 
necessary in order to produce equilibrium under the 
surface tensions. But we sometimes find crystals with 
only half the modifications required for symmetry. 
In such cases the surface tensions must produce a 
stress in the interior tending to deform the molecules. 
When the crystal was growing, there must have been 
equilibrium, and therefore a pressure equal and oppo- 
site to this effect of the surface tension. There are 
various ways in which we imay suppose that sucha 
foree would arise. The electric field might give rise 
to a stress in opposition to the aggregation of the 
molecules in the closest possible way, and then the 
erystal would grow such faces as would produce an 
equal and opposite stress. Inequalities of temperature, 
or the presence of molecules of other kinds among 
those of the crystal, might produce similar results. 
When the stress due to electricity, or to temperature, 
was removed by change of circumstances, that due to 
the surface tensions would persist, and the crystal 
would be left with an internal strain. Crystals of this 
sort, with unsymmetric faces, generally betray the 
internal strain, either by developing electricity of 
opposite kinds at the two ends when heated or cooled 
or they affect polarized light, rotating the plane of 
polarization. hat these effects are due to the inter- 
nal strain is shown by the fact that tourmalines, and 
other crystals, which are pyro electric when un- 
symmetrical, show no such property when sym- 
metrically grown. Also sodium chlorate in solution, 
quartz when fused, and so on, lose their rotatory 
power. Substauces which in solution show rotatory 
power, as a rule develop unsymnmetrie crystals, -This 
is well seen in the tartrates. The constitution of the 
molecules must be such that they will not, without 
some strain, form erystals; and equilibrium, when 
the crystal is growing, is attained by means of the 
opposing stress due to want of symwetry in the sur- 
face tensions. In all such crystals the rotatory power 
of the solution disappears in whole or in part. We 
cannot test this in biaxial crystals, but, according to 
| Des Cloiseaux, sulphate of strychnine is the only sub- 
| stance which shows rotation both in the solution and 
in the erystalline form, and in it the rotatory power is 
much increased by the crystallization. Effects com- 
parable with these may be produced by mechanical 
means. A cube of rock salt, which has no effect on 
plane polarized light in its ordinary state, changes the 
plane of polarization when it is compressed in a vise. 
And a cleavage slice of prussiate of potash, which is 
uniaxial, may by compression be distorted so as to 
| give in a convergent beam of polarized light elliptical 
rings, and two eyes like a biaxial crystal. 








SPEED OF CHEMICAL REACTIONS IN JELLY. 


SINCE the liquid condition of substances is generally 
| regarded as essential to the rapid and uniform progress 
lof chemical changes, Reformatsky has considered it 

desirable. to test the question whether in the case of 
| slow reactions the speed is influenced by the 

| of the medium into the semi-solid state, like a jelly. 
| For this purpose he selected the katalysis of methyl 
acetate by hydrochloric acid. Two solutions were pre- 
pared: one containing 20 c. c. half normal hydrochloric 
acid, with 10 c. c. of water and one c. c. methyl acetate; 
the other 20 c. c. of the same acid, with 10 c. c. agar- 
agar solution of 1°25 per cent., and 1 c. c. methyl ace- 
tate. These solutions were placed in separate vessels 
and the temperature regulated by a thermostat to 25°. 
| The strength of the agar-agar solution was so regulated 
‘ that at 85° the mixture was completely liquid, while at 








25° it was so solid that the vessel could be inverted 
without showing more than traces of flowing. At the 
same time, the jelly had eo little coherence that it conld 
be drawn into a pipette with a» somewhat large open- 
ing, and could be so far divided by stirring with a glass 
rod as to permit of tritration. wo parallel sets of 
experiments were wade, the c, c. of baryta water re- 
quired to neutralize the acid in one c. ¢. of the solution 
being noted at equal intervals for each solution. The 
nuwbers given in the paper show that in both cases 
the speed of the reaction is the same, within the errors 
of experiment. This result indeed might have been 
expected. The speed of chemical changes in homo- 
geneous systems depends, not on the greater or less 
speed of the final masses with regard to each other, but 
upon that of the molecular motion; so that it isa 
function, not of the interior friction, but of the diffu- 
sion coefficient. Since therefore it has been proved 
that the speed of diffusion in agar jelly is the same as 
in pure water, it follows that the speed of chemical 
change cannot be materially altered by the presence 
of the jelly. Suiill it was important to establish this 
a irect experiment.—Zeitschr. physikal.; Am. 
our. ‘ 








THE ADAPTATION OF STONEWARE TO 
CHEMICAL APPARATUS.* 


By W. P. Rrx. 


Ir may pees seem that the subject I have to 
bring before you is only cognate to the inquiries and 
researches which usually occupy the attention of this 
Society, and that it hardly comes within the scope of 
its transactions. 

It must be remembered, however, that many exten- 
sive chemical operations are possible only through the 
important development of stoneware apparatus in 
later times; and we cannot but conclude that the 
subject is worthy at least of some slight notice on the 
part of a society including so large a number of chemical 
engineers within its ranks. 

t was also in the hope that something more than 
passing interest might result, that I have attempted 
to-night some description of the methods employed in 
the production of apparatus in this material. 

An experience of over 20 years in connection with 
Lambeth pottery has led me to believe that a cousider- 
able amine of chemists have but limited knowledge 
of these details. 

The failure of some in obtaining satisfactory results 
when erecting chemical stoneware plant has sometimes 
arisen more from a want of appreciating the requisite 
form of construction than to any inferiority in the 
material of the apparatus set up. 

Success in all constructive arts can only be insured 
by studying closely the capabilities of the material to 
be dealt with. Those who miniwize these difficulties 
by meeting the exigences of the material, even at the 
cost of some modification of the original design, will 
succeed far better than others who, insisting rigidly on 
some special form or arrangement not inherently 
superior, add greatly to the risk and expense in pro- 
ducing the apparatus. Undoubtedly there are many 
notable exceptions, and among those connected with 
this Society are a large number whose experience has 
already enabled them to arrive at results that are 
examples of the highest constructive skill, and to such 
anything I may have to say will possibly appear some- 
what elementary and trifling in its detail. 

If, however, the following remarks assist any of my 
fellow members in realizing that it 7s possible for the 
potter and the chemical engineer to study the require- 
ments of modern science with wore intelligent unity 
of purpose than hitherto, I shall have accomplished at 
least one object I had in view. 

It isnot within the purpose of this paper to deal 
with the history and progress of the manufacture itself. 
It is therefore only necessary to remark in passing that 
although for the last ——T or more Lambeth hus 
been the seat of the production of salt-glazed stone- 
ware, it is only within the last fifty years that this 
material has been adopted for chemical apparatus. It 
is true that salt-glazed wares at one time were largely 
wade in Staffordshire, but in this district, the manu- 
facture having been confined to smaller domestic and 
ornamental goods, 7 oS out about fifty years 
ago, and it was left to the Lambeth potteries to develop 
aud improve the production of strong and heat-resist- 
ing wares of larger capacity, and in this way to meet 
the requirements of the chemical wanufacturer. The 
rapid extension of scientific research at this time and 
the astounding expansion of manufactures upon 
that research, involved the adoption of chemical pro- 
cesses requiring the use of materials suitable to resist 
heat and acid and rapid changes of temperature. These 
processes and the apparatus required soon became 
more complicated and the dimensions more extended. 
Glass and porcelain were no longer available with 
increasing size, and in stoneware the manufacturing 
chemist found a material well suited to his enlarged 
operations. About the year 1811, Waters took out a 
patent for the fabrication of various articles of con- 
siderable magnitude by moulding. Some years later 
the Lambeth potters commenced to give attention to 
this section. and among others we find the name of 
Green and Singer engaged in the manufacture. Messrs. 
Doulton & Watts were perhaps among the earliest 
to produce such goods and did much to develop the 
quality. In fact, so much energy aud enterprise was 
expended in discovering suitable materials and enlarg- 
ing the capacity of the vessels produced on the wheel, 
that a practically new industry was the result. 

Up to the year 1840 about 8 gals. was the limit of size 
—as it was the limit of power over a single lump of clay 
upon the potter’s wheel. It was a proud achievement 
when, later on, 100 gals. capacity was reached, and a 
vessel of 300 gals. for more than a decade remained 
true to its description as being the largest stoneware 
vessel in the world. At the present time, care and 
experience has made it possible, in certain forms, to 
attain nearly double this capacity. 

Definition.—Stoneware may be defined as a dense- 
ly vitreous material, non-absorbent, and impervious to 
acids and other corrosive compounds. The impervious- 
ness of most other ware is due only to the glaze. the 
body itself being absorbent. Stoneware, however, is 
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th hout the entire mass, the glaze being 
vse ee produce a smooth surface. 
B. > hp are stoneware is foomed 
tural clay, extreme : approximating 
roy canposition shown on the diagram (Tabie A). 
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Such are the clays of Devonshire and Dorsetshire, 
which are highly prized for this purpose. 

The vitrifaction of the body is produced by intense 
heat, carried to a point beyond which it is impossible 
to go without causing the entire collapse of the form 
itself. In this respect stoneware differs from porcelain 
and china, the vitrifaction of which is obtained by the 
addition of fusible materials to the clay. 

This fact is most important in the designing of 
stoneware plant for chemical purposes, and from it 
largely arises the tendency to warpage and unequal 
contraction, one of the greatest difficulties with which 
the stoneware potter has to contend. The temptation 
is great to avoid extra risk at the sacrifice of a highly 
impervious body, by reducing the temperature of firing 
or merely continuing it fora time sufficiently prolonged 
to vitrify the surface. 

It is rdly necessary to point out the importance 
of this complete vitrifaetion of chemical apparatus, 
especially when the same vessel is used for various 
products, and is thus liable to absorb some portion of 
each into its mass. 

It is therefore necessary to obtain a clay which, 
though maintaining form at high temperature, is 
sufficiently fusible at that heat to become dense and 
impervious in body. Nevertheless, it must be plastic 
aud easily formed, even though it be tempered with 
sand or other non-plastic material to increase its power 
of giving up moisture in drying. It must be capable 
of allowing considerable thickness for strength, and 
yet not liable to crack either in firing, cooling, or 
during subsequent use. 

The number of clays that will answer all these 
requirements is very limited, thongh the compositions 
produced from them may be greatly varied to give 
prominence to different qualities needed in the result- 
ing wares. 

The composition of such mixtures may be seen on 
the diagram (‘Table B). 
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I have also here specimens of bodies possessing these 
various qualities : 

a. Suitable for heating and cooling up. to 400°. 

6. Very impervious, but useful for cold liquors only. 

c. Capable of resisting heat, yet can be made thick 
without cracking. 

d. For boiling acids over fire. 

é. Suitable only for dry materials heated to low red- 
ness. 

It is here necessary to remark that these materials 
are in no sense chemical compounds, and are at best 
carefally adjusted mixtures, arranged to suit some 
special use to which the vessels are to be submitted. 
It must also be remembered that there exists no 
natural clay absolutely uniform in its composition. 
Recipes and mixtures have therefore to be constantly 
readjusted to maintain such uniformity in the mass. 

In proportion as the clay is fusible, the resulting 
vessel will be more vitreous and will suffer greater 
contraction in firing. This contraction is often i 
lar from various causes, and the consequent distortion 
ean only be obviated by the admixture of a certain 
awount of infusible material, such as sand, fireclay, or 
ground burnt ware. This addition essentially reduces 
the contraction and density but increases the porosity 
and the capacity to withstand changes of temperature. 
The —— condition of the materials themselves 
and the homogeneous state of the mass before use are, 
however, of the greatest importance, and require long 
experience in their adjustment. It has ee buen long 
since demonstrated that there is great advantage in 
allowing the material to lie fora great length of time 
in its mixed condition before use, the ** weathering” 
process, asit is termed, being often extended over 
many months oreven years. The actual change which 
takes place during this period has never been clearly 
ascertained, but the resulting benefit is a well estab- 
lished fact. 

C. Glaze.—The body of well burnt stoneware being 
almost impervious, the glaze is not greatly needed, and 
in some cases it is an actual hindrance to ready expan- 
sion with change of temperature. A glaze is; however, 
desirable for many purposes, as it presents a smoother 
surface for cleaning and enables crystals and precipi- 
tates to be more easily detached from the surface. 

The glaze being more vitreous than the body of the 
vessel, there is some difficulty in equally adjusting the 
expansion and contraction of both, and this difficulty 
is much increased when the layer of glaze is thick. 

ere is an instance in which the contraction of the 
two are so unequal that the first application of heat 
has caused the vessel to rend in all directions. 

In the manufacture of earthenware or porcelain it is 


and afterward to dip into aliquid glaze. The slight 

porosity of the ware at this stage causes the absorption 

of some of the water into the body and the consequent 

cones of a layer of glazing material on the surface of 
vessel. 


In the case of stoneware it is usual to omit the first 
or “ biscuit ” — and to glaze the ware in the — 
state after it is thoroughly dry—the glaze being ad- 
a to vitrify at the same temperature as the body. 

he risks of this operation are, however, considerable, 
and with the larger vessels almost impossible. It will 
be seen that the method of salt glazing has peculiar 
advantages over all others for this purpose. It is 
intensely hard, and will scratch almost all other glazes. 
It is very thin and therefore does not affect the expan- 
sion. It is produced automatically during the firing 
process, and thus all risk of injuring the vessel by 
pouring or vey of liquid glaze is obviated. 

By this plan the vessels when verve ge Soy — in 
position in the kiln, due care being en that each 
stands on a firm basis, yet capable of contraction in 
the burning ogee to the vessel itself. After the kiln 
is filled, the doorway is bricked up and the firing 
proceeds very ually, but steadily increasing in 
temperature and usually extending over several days 

en the greatest heat has been attained and while 
the whole contents of the kiln are in a glowing con- 
dition, common salt is ladled through small apertures 
provided on the roof of the kiln. The decrepitation 
causes the salt particles to fly into all parts of the kiln, 
and these are immediately vaporized by the great heat, 
being forthwith decomposed, The soda combines with 
the silica of the surface of the ware, forming a highly 
vitreous glaze, while chlorine and hydrochloric acid 
are evolved in a thick white vapor from the outlet of 
the kiln. 

The reaction is as follows : 


2 NaCl + SiO, + HO = Na,OSiO, + 2 HCl 


By this ponteens however, the penetration of the 
vapor to the interior of closed vessels with narrow 
orifices is only partial, and if glaze is needed it must be 
added to the interior surface by the liquid process 
previous to firing. 

It is, of course, desirable that this liquid glaze should 
be as free as possible from ingredients liable to be 
attacked by acids, etc., and for this reason the ordin- 
ary earthenware glazes, which usually contain large 
quantities of le and borax, have especially to be 
avoided. 

The composition of glazes suitable for chemical pur- 
poses is given on the diagram (Tabie C). 


Taste C. 








—_—_ | 1 | 2. 
GENER oc ccc cccvcccccccccccccccossccoceses 6I°8L 65°06 
THRO cecceccccccce eeecccccescccsoscesce 13°44 13°68 
AlMMING...00cccccccccccccccscesecocess 10°71 13°14 
ATK 2.0 ccccccccccccccccccccccccccses 11°05 7° 
FoOrn ORIG ccc ccccccscoccoccosesecsccces 0°82 0°89 





D. Formation.—We have now to consider the form- 
ation of the ware itself. The methods are various, 
chiefly the following : 


. Throwing on the potter's wheel. 
. Moulding in plaster moulds. 
Machine moulding. 


. Slip moulding. 
os. 
Dn tiles. 


. Expression, as in 
Dust pressing, as 
. Plastic die pressing. 
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Of these the simplest and most important is that of— 
1. Throwing.—Notwithstanding its simplicity, this 
is one of the most difficult of operations, and cannot 
fail to fascinate all who see it for the first time, owing 
to the rapidity with which the revolving mass of clay 
receives almost magic changes of form by the deft 
motior of the potter’s hand, entirely unaided by tools 
of any sort. Smaller vessels up to 6 gals. or 8 . are 
formed out of one ball of clay, but in the formation of 
large vessels the mass, being great, has to be manipu- 
lated more steadily and with much care, a long ex- 
rience being needed to obtain complete uniformity 
fo the tension of every part. Were it not for this care 
the superincumbent weight would cause the lower 
portion to collapse. The process is, therefore, arrested 
a few hours at various stages to allow the half-formed 
vessel to stiffen, and a further quantity of clay is after- 
ward built up and gradually shaped till the whole is 
complete. 
2. Moulding.—It is obvious that only vessels which 
are cylindrical or at least cireular in all their cross 
sections can be formed on the wheel. For other shapes 
moulding has to be used. By this plan thin layers of 
soft clay are carefully laid and pressed into a plaster 
moald of the desired form. The mouid may be in 
separate parts, which are then closed together and the 
seams or joints completed by addition of clay at the 
lines of juncture. Some part of the moisture is ab- 
sorbed by the porous plaster, thus shrinking and hard- 
ening the vessel, and it can in a few hours be removed 
for drying. 
8. Machine Moulding.—A combination of the two 
rocesses of moulding and throwing has for some time 
m introduced in Staffordshire in forming small 
open vessels. The mould is made to revolve rapidly, 
and the mass of clay being thrown in, a forming pro- 
file mounted on handle or radius is brought downward 
into the mould. This forces the clay up and against 
ws sides, giving it the required thickness. (See 
g. 1.) 
The uses of this method for large vessels are, how- 
ever, limited, and it is to be doubted if the evenness or 
tension is as complete as in thrown ware. The torsion 
of the clay obtained upon the wheel is most effective, 
and this spiral formation of the mass gives greater 
elasticity to the ware in expansion with rapid heating. 
In order to illustrate the direction assumed by the 
— of clay in the formation by both methods, I 
e p 





nsual to fire the vessel previously to the glazing process 





in the two methods is al her different, torsion or 


welding of the interior of the mass in the case of na- 
chine moulding being very limited. 
Fig. 1. 





4. Slip Moulding.—For small articles in which ex- 
treme lightness is required, ** slip moulding ” is resorted 
to. By this plan the plaster mould is entirely closed 
except one small hole,through which clay of the consist- 
ency of cream is poured until the would is filled. The 
porosity of the plaster causes some of the moisture of 
the liquid clay, *‘ or slip,” to be absorbed, and a small 
quantity adheres tothe walls of the mould. The rest 
is poured out. In ashort time the thin vessel result- 
ing is stiff enough to be removed for drying. This 
method is chiefly useful for articles of simple form, any 
details in the mould being rapidly worn away. 

5. Hapression.—This method is so well known in con- 
aa with drain pipes that it hardly needs descrip- 
tion. 

The clay is nsually filled intoa chamber which is 
afterward closed by a piston (see Fig. 2). Pressure on 





this is exerted by hydraulic, steam, or screw power, 
and forces the clay either laterally or vertically 
through an orifice of any required section. A great 
variety of sectional form is thus possible, but only 
articles with parallel sides can obviously be produced 
by this method. 

With the introduction of ineneved machinery and 
experience it has been possible to turn out pipes of 
large diameter, and at some of Messrs. Doulton’s works 
— of 3 ft. diameter, suitable for condensing towers, 

ve for some years been successfully manufactured. 

An interesting application of this process may be 
here noticed in the form of spiral expression. It fur- 
nishesa method of obtaining a very large condensing 
surface, and can be applied in various ways. 

So far, manufacture by expression seems simple 
enough, and pone the section is one which allows 
an equal thickness of clayin all parts, almost any re- 
quired form can be made. 

In the case of bends and curves, however, the mat- 
ter is not so easy. To produce a bend, the cylinder is 
filled with more clay on one side than the other. The 
flow of theclay through the die is consequently greater 
on that side. The workman, taking hold of the end 
of the pipe as it exudes, gently supports it in its 
curved direction (Fig. 3), but without force. In propor- 





tion tothe unequal filling of the cylinder, the angle of 
the bend will be more or less. It is, however, difficult 
to regulate exactly the flow of the clay, and there is 
always a tendency in the material to deviate from its 
original form in drying and burning. Correct angles 
cannot be maintained by this plan, and if accuracy is 
uired, resort must be to moulding. 

he difficulty of making pipes of the form of Fig. 4 
is, therefore, greater than that of Fig. 5 when accurate 


Fig. 4. Fig. 5. 


Td | 


dimension of span is wanted. Thus in the case of long 
armed connectors, though the flow of gas in 4 is easier, 
the uncertainty of dimension in 5 is less. 
I wish also here to refer in passing to the admirable 
syetem of forming channels or half pipes, by the 
“opercular” method introduced many years ago by 
Sir Henry Doulton. The pipe as it leaves the die is 
tially severed on each side through its whole length. 
=. a is, F tes a ay to allow a 
pes to without separation. sharp tap after 
eaving the kiln splits the pipe into two semicircular 


6. Plastic Die Pressing (as in Draining Tiles).—By 





ve 5 examples in strati colored clays, 
from which it is evident that the movement of the clay 


this method the rough slab of plastic clay is placed in 
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a wetal die or box of any given form, and a plunger 
exactly fitting the same is caused to descend by a 
screw. The clay, unable to escape, is pressed tightly 
into the box, thus taking its exact form. The plunger 
is now lifted, and the bottom of the box, being loose, 
is raised by «a lever, so thatthe formed article sup- 
ported on it can be carefully removed, (See Fig. 6.) 

















Boa eee 
yo —— 





7. Dust Pressing. —An interesting modification of the | 
above is obtained by filling the box with clay dust} 
slightly damped, instead of the plastic clay. With | 
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perience), but my entire process from beginning to 
and consumes but a few moments.* 

In my method the possibilities of loss from the first 
step of the usual processes for assaying fluid extracts 
are avoided (evaporation of the alcohol after making 
them alkaline or acid), for 1 dispense with that step 
entirely. 

1 will briefly state that the advantages of my 
method over those in general use result, in my opinion, 
chiefly from : 

i, The dispensing with an evaporation of the fluid 
extract in the presence of alkalies and acids, avoiding 
thereby the consequent destruction of delicate alka- 
loids (the first step of other methods). 

2. There is no loss of alkaloid from precipitation with 
resins during such evaporation, aloss that may result 
in snch cases from their mechanical envelopment by 
the precipitated resin which is often thrown down in 
large amount, and in which the alkaloid is often so 
firmly embedded or associated as to resist the action of 
solvents. 

8. The displacement of the alkaloid from natural 
combination, largely accomplished by the action of 
the cold aeid of the ferric chloride. 

4. The simultaneous fixing of tannates and vege- 
table astringents in an insoluble condition by the fer- 
ric chloride (and the ferric hydroxide produced when 
the sodium bicarbonate is added), thus keeping them 
out of the alkaloidal solvent ; and the freeing of much 
of the alkaloid from natural combination, in a con- 
dition to be easily dissolved by chloroform. 

5. The final liberation of the total alkaloid in a 
nascent, or at least very soluble, condition by action 
of the great excess of sodium bicarbonate, which, from 
its weak alkaline nature, will not immediately affect it 
disastrously, while the protective action of the car- 
bonic acid gas generated at the time possibly assists in 
preventing its decomposition.+ 

6. The distribution of the alkaloid throughout a 
substance for which it has no affinity, but rathera 
repulsive action, which enables appropriate solvents to 


heavy pressure the particles of dust will adhere, and | abstract it rapidly and completely, as may be shown 
at one blow of the plunger asolid tile may be obtained. | by drying the soda magma in the wortar after ex- 
The shrinkage and warpigg are much less by this pro-| traeting nux vomica or cinchona, and applying thereto 
cess, and the accuraey of form, therefore, greater ; but| the delicate sense of taste test ; and as may also be 


the body is far more porous than if plastic. | 

8. Grinding.—The mechanical engineer who is able 
to turn his metal to any given size with the accuracy of 
100th part of an inch knows none of the disappoint- 
meut of the potter. Fitting is the “ bugbear” of a| 
pottery. After an article is formed it will shrink nearly 
three-quarters of an inch in every foot in drying and 
nearly astmuch morein the firing. But varying cir-| 
cumstances in the drying and firing will make a vary- | 
ing shrinkage, and an element of uncertainty is thus 
introduced, which it is impossible entirely to control, 
especially with large vessels fired in huge kilns at a} 
very high temperature. 

To obviate this, recourse is sometimes had to grind- | 
ing, as in taps and pumps. This is done after the 
article is completed by means of emery and a revolving 
bed or lathe. The extreme hardness of he ware, how- 
ever, wakes the plan difficult and costly 

It need hardly be poir ted out that all these methods | 
have theirown advantages, and it is necessary to choose | 
the method according *~ .ne form. 


(10. ~=— continued.) 


A SCHEME TO ESTABLISH A COMPARATIVE) 
STANDARD FOR ALKALOIDAL GALENICALS.* 
By J. U. Luoyp. 


THIS subject} is introduced in accordance with the | 
desire of the Cincinuati Chemical Society, before which, 
at the request of the president, Prof. T. H. Norton, who 
was acquainted with my laboratory methods of assay, | 
the subject was presented experimentally at the Feb- 
ruary meeting.t Acknowledging the necessity at this | 
time for contributions to the subject of assay deter- | 
minations, | cheerfully comply, and hope that the 
scheme introduced herewith may (either as I use it or 
as it may be modified) assist those who seek speedy and 
simple methods for approximate standardization of 
galenical preparations. The paper is contributed di- 
rectly to this Society by suggestion and request of 
some of the members of the Chicago College of Phar- | 
imacy, before whom it was my pleasure recently to per- 
form a few experiments of a kindred nature. 

Whan the assay experiments aforenamed were intro- 
duced, I stated that neither the use of small amounts 
of bicarbonate of sodium as an antacid or neutralizer 
nor the washing methods of the subsequent steps 
was claimed by me as new, but that in other respects 
the general process was such a warked innovation on 
all others known to me as to probably make it an 
original one. 

In considering assay methods, corrections must, I 
believe, be made for varying conditions seemingly of 
apparent unimportance, as, for example (a point that 
many perhaps overlook), the time cummnened in some 
portions of the process. If, for example, ipecac, aco- 
nite, lobelia, belladonna, and other drugs possessed of 
delicate alkaloids, are permitted to linger during cer- 
tain stages of the manipulation, especially in water, 
acid, and alkali contact, the operation, in my opinion, 
is in itself more or less disastrous to accuracy, and the | 
result may be questionable, If heat is applied to some | 
of the organic bases while in process, especially in the | 
presence of mixtures of water and acid, or alkali, the | 
alkaloids may be wore or less split or disintegrated, aud | 
may materially vanish. Hence, to arrive at fair com- 
parative assay determinations, the operator must in 
many cases avoid possible destructive features that 
may be either thoughtlessly overlooked or considered 
unimportant, and he should, in my opinion, complete 
his work within the shortest possible period. Indeed, 
I make it a rule to so arrange that neither delay nor 
interruption occurs in assay determinations of certain 
drugs while their alkaloids are in water contact, whe- 
ther (as in the process herein introduced) it be while 
in the mortar or the acid solution. No perceptible 
loss follows during chloroform contact (in my ex- 


* Read before the A. P. A. 
t L recognize the fact that objections may be offered to al! methods of 
assay. This is not proposed as a perfect process, but as one that is worthy 
of consideration and within reach of most apothecaries, 
_ ¢ The Society then requested me to send the detail process to the Revi- 
sion Comuitiee of the United Staves Pharmacopeia, 
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shown by comparative experiments and final weigh- 
ings in which different amounts of extracts are worked 
or known amounts of alkaloids are added to similar 
proportions of the fluid extract that is to be assayed. 

7. The avoidance of exasperating or provoking delays 
in the subsequent wanipulation by reason of the for- 
mation of emulsions that often (or usually) refuse to 
allow the liquids to separate: for by my method the 
chloroform that washes the alkaloid from the soda 
magma in the first step is practically colorless and 
nearly destitute of foreign bodies, especially of the 
substances that usually accompany the alkaloid, and 


| subsequently form emulsions, 


The operator may, by using this magma process, 
begin and finish the assay with dispatch and without 
an interruption. Only a few moments are required to 
assay any fluid extract named in the following paper, 


|}and those cited are simply individualized examples of 


what is possible, with slight deviation of method, with 
others, and with other classes of galenicals. 

Some factors are present in my process that will 
strike other persons as questionable innovations—they 
did myself, although I had less reason to fear the ap- 
plication of the method in assay amounts than most 
other persons will have. I have been foreed, in my 
work, to meet some peculiar problems, problems that 
have confronted me for many years, in connection with 


| eclectic drugs, usually unimportant with others ; and 


few pharmacists have probably, until recently, felt the 
urgent necessity for methods of assay that did not 
apply to such well-known officinal alkaloid-vielding 
drugs as opium and cinchona. To some of the self- 
recurring questions concerning my process, questions 
that surely will arise, I briefly refer as follows : 

It will appear as though the solvent (chloroform in 
examples cited herein) cannot, by its brief contact, 
abstract the alkaloid from the bulky soda magma, 
This point has been settled (favorably as compared 
with other processes of assay) to my satisfaction for 
many years. It will, perhaps, also appear that the 
chloroform must dissolve appreciable amounts of 
sodium or iron compounds from that magma by reason 
of their great abundance and contact with it—a point 
that may be readily established (negatively, as I have 
worked) by conducting the process with fluid extracts 
of non-alkaloid drugs and noting the result. Itis my 
experience that the minute amounts of such contami- 
nating bodies (excepting oils, fats, and some resins 
which are afterward practically separated) are usually 
unimportant, even in the first chloroform. ‘These con- 
taminations do not, in my opinion, amount to the 
uncertainties of the first step of other methods that I 
have employed ; for defects of manipulation that may 
result in destruction of more or less of the alkaloid can 
never be overcome, while in my process the traces of 
foreign bodies abstracted by the first chloroform are 
left in the acid water. 

Some may prefer titration with Mayer’s solution to 
final weighing of the alkaloid. In my experience, the 
corrections necessary after titrating with Mayer’s so- 
lution—owing to discordant results from disturbing 


| conditions, such even as the degree of dilution of the 


menstruum; uncertainty concerning exact point of the 
end reaction ; solvent action an excess of the reagent 
exerts upon the alkaloid precipitate; the action of heat 
and influence of time that must be preliminarily em- 
ployed to free the fluid extract from alcohol and resin 
in order to apply that test with any degree of accuracy 
—render that process exceedingly unsatisfactory, 
whether applied volametrically or gravimetrically. 
Part of this trouble is largely overcome, however, if 
volumetric titration is preferred, by using my process 
and titrating the alkaloidal acid solution that results 
from washing the first chloroform. I value Mayer’s 
test as an indicator to establish the presence of alka- 


loids, but not as a satisfactory agent for quantitative 
alkaloidal assay.* Predisposition and habit, how 
ever, have much to do in framing our preferences, and 
some who are accustomed to assay by other methods, 
the details of which have become familiar, may not 
eare to vacate a beaten road. 

To those of limited experience proposing to establish 
commercial or home-made fluid extracts by my process, 
I suggest, first, assay fluid extract of guarana, then 
nux vomwiea and members of that class, after which 
the methods of manipulation will be familiar, and 
members of the class embracing hyoscyamus will offer 
no difficulties. I would particularly urge the inexperi- 
enced manipulator to bear in mind that patience an«/ 
care are as much a necessity in simple methods as in 
those more complex, and that it is evident that no 
process can be formulated that will apply to all sub- 
stances. 

Finally, I must say that, in my opinion, assay deter- 
minations of this description are not designed to, and 
cannot, prevent fraud. In addition to such general 
methods as those that are used to roughly estimate the 
total alkaloid present, tests must be devised to show 
that cheaper or foreign alkaloids have not been intro- 
duced, if it is proposed to prevent adulteration. It 
would be an easy matter to sophisticate a poor fluid 
extract of ipecac and make it show by the usual tests 
the presence of two per cent. of a crude alkaloid, and 
yet it might be destitute of emetine. Distinguishing 
tests to correct intentiona] abuses are not yet practical 
in the majority of cases. I question, however, if any 
established American manufacturer would be guilty of 
such an offense, and in assaying commercial fluid ex- 
tracts I exclude such a supposition. If a commercial 
pharmaceutical specimen:is inferior, in my opinion it 
is beeause of carelessness in manipulation, or the use 
of either a faulty process or a poor drug, or from deteri- 
oration. Manufacturers cannot risk their reputations 
by inviting disasters that would surely follow system- 
atic adulteration, and I bolieve that they appreciate 
attempts to help establish uniform products. Pro- 
bably this paper will be received in that spirit as a 
contribution to current literature, for I believe that all 
are anxious to avoid some of the confronting perplex- 
ities and uncertainties and find easy methods to over- 
come tedious processes. 

We should recognize, however, that an element of 
suspicion adheres to all methods of assay whereby 
standardization is attempted by estimation of the pro- 
portion of crude or natural alkaloids. These approxi- 
mate assay methods are makeshifts. Possibly their 
evolution will lead to the discarding of uatural con 
glomerates such as fluid extracts. Possibly standards 
of value closer than proportions of mixed crystalliza- 
ble and amorphous natural alkaloids will be evolved. 
Where two or wore mixed alkaloids of varying physio- 
logical values prevail in a drug, it seems to me that only 
apart of the object is attained when we assay to 
“total alkaloid.” 

Where amorphous and ecrystallizable alkaloids 
abound under one name and different activities, it 
seems to me that we should diseriminate and individu- 
alize. Where it has not been established that alka- 
loidal constituents dominate the entire therapeutical 
energy of a drug, it seems to me that alkaloidal stand- 
ardization should be valued as a part and not the 
whole. Where it has been shown that the full force of 
a drug can be obtained from one permanent alkaloid 
(if that has been shown), it seems a relic of empiricisin 
to use a the drug in substance orany preparation 
thereof. 


SCHEME TO ASSAY FLUID EXTRACT OF GUARANA. 


[Fluid Extract of Guarana should assay from 3°00 per 
cent. to 4°00 per cent. Caffeine.t] 


In a flat-bottomed porcelain mortar with a good lip 
mix 5 ec. of the fluid extract with 2 ¢. ¢. solution per- 
chloride of iron. Add sodium bicarbonate to it, with 
constant trituration, until a stiff magma results. Ab- 
stract the magma by repeated triturations with chloro- 
form, using first 20 c. c. and then three rtions of 10 
ec. c. each, decanting them severally. (This excludes 
tannates, gums, albuminates, mineral salts, most 
vegetable acids and salts, and wost coloring matters. 
The chloroform extracts the caffeine and an insignifi- 
cant amount of coloring matter.) Throw the contents of 
the mortar away. Mix the chloroform solutions and 
divide into two parts. Reserve one portion for possible 
mishaps. Evaporate the other part in a tared dish. 
Weigh the residue, express in grammes, and multiply 
the amount by 40, which will give the percentage of 
caffeine. The caffeine will be but little colored and 
will be crystalline. It should dissolve completely in 
chloroform. 

Remarks.—lIf Naps | pure caffeine is desired, dissolve 
the dry residue in chloroform, fiiter the solution, and 
wash the filter paper well with chloroform, then evapo- 
rate it. This operation must be repeated if the caffeine 
is still colored. The testimony offered by the caffeine 
in the first chloroform solution is a better criterion of 
the caffeine value of the fluid extract than that of sub- 
sequent determinations, for the traces of impurity 
present therein are wore than balanced by the caffeine 
wasted by the subsequent manipulations. 


SCHEME TO ASSAY FLUID EXTRACT OF IPEKCAC, 
BELLADONNA ROOT, ACONITE, AND NUX VOMICA.{ 


Fluid extraet of ipecac should assay 1°50 per cent. 
natural alkaloid. 

Fluid extract of balladonna root should assay 0°50 
per cent. natural alkaloid. 

Fluid extract of nux vomica should assay 1°50 per 
cent. natural alkaloid. 

Fluid extract of aconite should assay 0°40 per cent. 
natural alkaloid. 

In a flat-bottomed porcelain mortar with a good lip 
mix 5c. c. of the fluid extract with 1 c. c. solution per- 
chloride of iron. Add sodium bicarbonate to it, with 
constant trituration, until astiff magma results. Ab- 





* Some stable organic bases, such as strychnine, caffeine, and quinine, 
do not perceptibly disintegrate or split. Others, like the alkaloids of 
hyoscyamus, belladonna, aconite, and ipecae, should be handled cautiously 
while in manipulation. 

+ While I acknowledge the fact that caustic alkalies are usually em- 
ployed by assayists to precipitate alkaloids, I need only say that where 
ureat economy is necessary, a8 in competition in business, such disastrous 
processes are to be avoided, excep'ing with bases of the most permanent 
character. Sach inflnences are often unnoticed in working emall amounts, 
bat ip large batches they cannot be ignored. It is evident that the rule 
should apply alike to small determinations, 





* I need only refer to corrections authorized in Lyon's “* Assay ” and 
to remarks on pp. 22 to 27 of that excellent work, and to the papers of H. 
W. Snow, to show that I am pot alone iu this view. 

+ The alkaloidal percentages suggested in this paper are designed to 
come within the yield that is feasibie with good qualities of commercial 
drugs. In my opinion, the standard should not be established above the 
average shop prodnet, and there should be an allowance for variation :n 
manipulation and material, ~ 

¢ The method, with slight variations, may be applied to the quick 
assay for other alkaloidal yalenicals, detailed reports on’ which will per- 
haps yet be given by the author. 
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he magma by repeated triturations with chloro- 
eee using first 20 c. c. and then three portions of 10 
cc. each, decanting them severally. (This excludes 
tannates, gums, albuminates, mineral salts, most vege- 
table acids and salts; and most coloring matters. The 
chloroform extracts the alkaloids, mixed with some 
wax, resin, and the fats.) Throw the contents of the 
mortar away. Mix the chloroform solutions and di- 
vide into two parts. Reserve one portion for possible 
mishaps. Extract the other part by rotating it in a 
pnibed separator with diluted sulphuric acid (1 part 
in 50), using successively three portions of 10c. c. each. 
(This acid water abstracts the alkaloids, leaving the 
fats, resins, and wax in the chloroform.) Throw the 
chloroform away.* Make the mixed acid solutions 
alkaline with ammonia water, quickly rotate in a 
bulbed separator with three portions of 10 c. c. each 
of chloroform, abstracting the chloroform solutions 
severally. (This abstracts the natural alkaloid, form- 
ing a chloroform solution that is practically free from 
impurities.) Throw the water solution away. Mix the 
chloroform liquids and evaporate in a tared dish. 
Weigh the residue, express the amount in grammes, 
and maltiply by 40, which will give the (practical) 
erude “ixetetiel wer eent. of the fluid extract. (This 
alkaloidal residue should dissolve completely in di- 
luted sulphuric acid.) 


SCHEME TO ASSAY FLUID EXTRACTS OF HYOSCYAMUS, 
BELLADONNA LEAVES, AND COCA.} 


Fluid extract of hyoscyamus should assay 0°20 per 
cent. natural alkaloid. ¢ 

Fluid extract of belladonna leaves should assay 0°40 
per cent. natural alkaloid. 

Fluid extract of coca should assay 0°50 per cent. 
natural alkaloid. 

In a flat-bottomed porcelain mortar with a good lip 
mix 5c. ¢. of the laid extract with 1 ¢. c. solution per- 
chloride of iron. Add sodium bicarbonate, with con- 
stant tritaration, until a stiff magma results. Ab- 
stract the magma by repeated triturations with chloro- 
form, using first 20 c. c. and then three portions of 10 
e.c. each, decanting them severally. (This excludes 
tannates, gums, albuminates, mineral salts, most vege- 
table acids and salts, alcohol, and most coloring matters. 
The chloroform extracts the alkaloids mixed with wax, 
some resins and chlorophyl, and the fats.) Throw the 
contents of the mortar away. Mix the chloroform solu- 
tions and divide into two parts. Reserve one portion 
for possible mishaps. Extract the other part by rotat- 
ing it in a bulbed separator with diluted sulphuric acid 
(1 in 50), using successively three portions of 10 c. c. 
each. (This acid water abstracts the alkaloids and 
some chlorophyl, leaving the fats, resins, and wax in 
the chloroform liquid.) Throw the chloroform away.§ 
Extract the mixed acid solutions by rotating in a 
bulbed separator with two portions of 10 c. c. each of 
stronger ether, severally abstracting the acid solutions 
from beneath. (This washing with ether separates the 
adhering chlorophyl.) Throw the ether away. Make 
the mixed acid solutions alkaline with ammonia water, 
quickly rotate in a bulbed separator with three portions 
of 10¢. c. each of chloroform, abstracting the chloro- 
form portions severally. (This abstracts the alkaloid, 
forming a chloroform solution that is practically free 
from impurities.) Throw the water solution away. 
Mix the chloroform liquids and evaporate them in a 
tared dish. Weigh the residue, express the amount in 
grammes, and multiply by 40, which will give the (practi- 
cal) alkaloidal percentage of the fluid extract. (This 
—— residue should dissolve in diluted sulphuric 
acid.) 








A NOVEL METHOD FOR THE PRODUCTION 
OF SODIUM AND POTASSIUM NITRITE. 


By H. N. WARREN, Research Analyst. 


THE surface or catalytic action which platinum 
exerts upon ammonia when in the presence of oxygen, 
with the production of the white cloud of ammonium 
nitrite, is, when carefully performed, more than strik- 
ing as regards the quantity of nitrite thus formed, 
but by employing a more energetic form of platinum 
the effects may be considerably cubemeal 

The most powerful surface action that I have been 
successful in producing was obtained as follows: 
Platinum was dissolved by the aid- of aqua regia, 
evaporated to dryness, and the resulting platinic 
chloride thus formed maintained at a temperature of 
400° F. as long as any chlorine continued to be evolved ; 
the residue was now boiled with a slight excess of 
sodium carbonate, and the platinic hydrate thus pro- 
duced dissolved by means of oxalic acid, the solution 
concentrated, and a sufficiency of asbestos yarn added 
to absorb the solution ; the yarn, which now measured 
about a yard in length, when dried and ignited con- 
tained about twelve per cent. of platinum, presenting 
a gray color characteristic of that metal when in the 
spongy form, the asbestos meanwhile retaining its 
original ropy properties without becoming brittle, as 
is the case when platinie chloride is used in place of 
the oxalate. The so prepared asbestos was next intro- 
duced into a combustion tube somewhat longer than 
the same, and connected to an apparatus evolving 
ammonia gas; a current c. air being at the same 
time injected into the apparatus, in order to furnish a 
mixture of oxygen and ammonia, the action of the 
platinized asbestos was now started by applying the 
flame of a Bunsen burner to the more remote end of 
the tube. Directly the mixed gases are allowed to 
impinge upon the platnized surface, dense clouds of 
aumonium nitrite are evolved, and in several instances 
the whole length of the asbestos became intensely 
heated, the ammonium nitrite thus formed being 
conveyed into a solution of caustic soda, and, by so 
doing, producing an equivalent of sodium nitrite ; the 
ammonia thus evolved being retained for a farther 
supply of aumonium nitrite. 





Pn + ps operator prefer the titration method with Mayer's solution, 
Ha id solution is ready, after evaporation of the chloroform, for volu- 
C assay. I prefer to dry and weigh the natural alkaloid, 
a process, with slight moditications, may be applied to the assay- 
% of galenical preparations of other alkaloidal herbs. 
aan term “ alkaloid’ is used with reference to the mixed associated 
= le (amorphous and crystalline) alkaloids, regard! of their several 
— values. There is no question but that the establishing of 
ade alkalodial standards is open to objections. 
aft the operator prefer the titration method with Mayer's solution, 
acid solution is ready, after jon of the chi m, for volu- 














Some idea as to the delicacy of this so prepared as- 
bestos can be obtained when I mention that for several 
minutes, while the apparatus was in complete working 
order, scarcely any excess of ammonia could be de- 
tected at the further end of the tabe, the whole of it 
being converted into that of nitrite. 








MALT VINEGAR. 


AT a recent meeting of the Society of Public Analysts, 
Mr. Otto Hehner, the president, read a note on malt 
vinegar, in which he called attention to the fact that 
so much vinegar is made nowadays from impure pyro- 
ligneous acid with coloring matter and a proportion 
of real malt vinegar, that it is difficult to distinguish it 
from the pure article. Taking into consideration the fact 
that the solids of malt extract contain from.0°7 to 0°8 
per cent. of phosphoric acid in combination, Mr. Hehner 
suggested that it could be taken as the factor for guid- 
ance as to purity. An approximate idea of the original 
solids in the malt worts from which the vinegar has 
been prepared can be obtained * adding to the total 
solid matter found in the sample the amount of sugar 
corresponding to the acidity (120 parts of acetic acid 
corresponding in theory to 180 parts of glucose). The 
first table given here includes vinegars undoubtedly 
made from malt only : 
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Samples 1, 2, and 8 are evidently made at so high a 
temperature that much loss of alcohol or acid took 
place, the proportion of phosphoric acid being extraor- 
dinarily high. 

The next table contains analyses of samples, some of 
which were acknowledged to be mixtures, but most of 
which were bought as malt vinegar; obviously none, 
except samples 8 and 9, were pure malt vinegars: 
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»hosphoric acid in all cases was estimated by 
Mr. Hekuer’s molybdie method. 

In the discussion on this note Mr. Cassall informed 
the meeting that he took 3 per cent. of acetic acid as 
the minimum amount, and certificates of his on sam- 
ples containing less than that, and returned as being 
adulterated to the extent of 30 per cent. of water, had 
been confirmed by Somerset House. Dr. W. J. Sykes 


communicated a note by himself, in which he referred 
to the nitrogenous constituents of vinegar as a possible 
clew to the detection of admixture. He showed that 
abumen is one of the constituents of malt, and that in 
the course of fermentation it is converted into peptone, 
and appears in the vinegar. Hence it may be found in 
vinegar by the biuret test (which also detects albumen 
and albumose). But peptone is ouly present in malt 
worts in very small quantity, and the same applies to 
malt vinegar. Dr. Sykes has found, however, that al- 
bumoses appear in the wort afterit has undergone the 
alcoholic fermentation, and also in the finished vinegar, 
the bacteria of acetification not completely removing 
them. Consequently a vinegar prepared from malt al- 
ways gives a precipitate on saturation with ammonium 
sulphate; also on the addition of phospho-tungstic 
acid, or of bismutho-potassie iodide, or mercuro-potas- 
sic iodide, and with tannin. 

These results, it will be seen, arenot very precise, but 
they give good hintsia regard to the examination of 
malt vinegar, and in association with Mr. Hehuer’s fig- 
ures will be of value in the laboratory, The papers ap- 
pear in full in the Analyst for May. 





CADMIUM YELLOW 


GEORGE BUCHNER writes in the Chemiker Zeitung 
as follows: 
For a number of years I have been investigating the 
properties.of the several kinds of cadmium yellows 
which are used in the arts as pigments, and have 
already published the results of some of my obser- 
vations. 
I find the best way to obtain pure cadmium yellow 
is by passing sulphureted hydrogen through a solu- 
tion of a mium salt. A precipitate consisting of a 
mixture of a number of differently colored forms of 
cadmium sulphide are obtained, noticeable among 
them being yellow and red. These different colors and 
forms are occasioned by the various physical conditions 
in which the sulphide exists in the precipitate ob- 
tained. These pigments, after being ground with lin- 
seed oil and exposed to the light upon glass pletes for 
two years, have not changed their color. his, com- 
bined with the fact that the colors are very brilliant, 
makes them much appreciated by artists. 
Cadmium sulphide can be prepared in four forms, 
which I designate as follows : 
A-nodification, of bright citron 
modification, vermilion red; C-modification, soluble 
in water; D-modification, amorphous powder. I will 
give a few of the characteristic properties of these four 
modifications. 

A-modification, obtained by passing — yee hy- 
drogen through a slightly acid solution a cadmium 
salt. The color isa very bright and pureeitron yellow, 


yellow color; B- 


also took part in the discussion, and at a later meeting | ™ 


from any reddish tint by the addition of a white pig- 
ment. By warming with wany chemical agents, fric- 
tion, — ete., this modification passes into the B- 
modification. Heated to redness with powdered sul- 
phar, it changes into the fourth modification. 

This modification, in wet or dry state, if ex d to 
the light and atmosphere, oxidizes into sulphate of cad- 
mium, This oxidization does not take place if kept in 
the dark. No action takes place if the modification be 
ground with oil. If heat is applied to the yellow modifi- 
eation, it becomes first dark yellow, then orange, after- 
ward carmine red, and finally dark violet red. On cool- 
ing it generally passes through all these stages. The 
residue sometimes has a red tint. 

B-moditication, prepared by treating a strongly acid 
solution of cadmium salt with sulphureted hydrogen, 
the precipitate being a bright vermilion an which, 
when ground and mixed with a white pigment, covers 
well, and is free from any yellowish tint, the specific 
gravity being about the same as in A-modification, 
4°491 to 4°513. It is in the form of microscopic crystals. 
By first heating and then allowing to cool, the A- 
wodification is formed. When this modification is free 
from A-modification, light and air do not change it. 
Even when moist this property can be used for purifi- 
cation. By heating it becomes dark carmine red, dark 
violet red, and on cooling it returns to red, but is some- 
times yellow when quite cold. 

By precipitating different cadmium salt solutions 
with sulphureted hydrogen, precipitates are obtained 
which vary in color, and consist of mixture of the A 
and B modifications. 

C-modification. This is the soluble form, but it is 
little used practically. 

D-modification, yellowish precipitate obtained by 
precipitating ammoniacal solution of cadmium hydrate 
with sulphureted hydrogen. When dried it grinds to 
a sandy reddish brown powder, but has no covering 
power. Only A and B modifications are used in art, 
and the B is the most permanent. Both last longer 
when used as oil than as water colors, owing to the oil 
being a protector from the air. 


COMPRESSIBILITY OF HOT WATER AND ITS 
SOLVENT ACTION ON GLASS. 


By C. BARws. 


Ir has been found that the compressibility of water 
between 0° and 63° continually decreases, but that 
above the latter temperature it increases. The author 
proposed to measure the compressibility between 100° 
and 300°, but found that at 185° water attacks glass so 
rapidly as to make measurements in glass tubes worth- 
less. 

Pressures were applied by aid of Cailletet’s large 
force pump. The thread of water is incloged in a ca- 
pillary tube, bet ween two end threads of mercury, and 
the distance apart of the two inner menisci, corre- 
sponding with — given temperature and pressure, 
measured by a cathetometer. The tube, suitably closed 
above, is exposed in a vapor bath. At 185° the thread 
of water soon loses its transparency, becoming white 
and cloudy. After the action has continued for about an 
hour, the column is solid at high pressures (300 atmos.), 
although it is probably only partially so at 20 atmos. 
In consequence of this threads of mercury break off 
during advance and retrogression of the column, Fur- 
ther measurement is, therefore, not feasible. The 
glass was common lead glass, and distilled water was 








sed. 

The dissolution of the glass in the water at 185° 
causes a shrinkage in the volume of the system of pure 
water and solid glass of more than 11 per cent. up to 
the point of solidification. The hot, turbid column, 
after exposure at 185° for about fifty-five minutes, is 
absolutely shorter than the original clear, cold column 
at 24°. The bot compressibility, after fifty-five min- 
utes, has increased to five times the cold compressibil- 
ity and tothree timesthe original hot compressibili- 
ty. Making allowance for the shrinkage due to chew- 
ical action, the normal compressibility of pure water at 
185° is estimated as not more than 70/10°. Above 100°, 
therefore, the compressibility increases at a very low 
rate with temperature, which the author thinks indi- 
cates exceptional stability of the water molecule. 

The author regards the action above described as due 
to the instability of the glass molecule at 185°, and as 
a general deduction infers that in many instances a 
detinite dissociation temperature of the solid must first 
be surpassed before solution will set in.—Amer. Jour. 
Science. 








ELECTRICITY IN THE PURIFICATION OF 
WATER. 


By M. LABROWSKLI. 


HYDRATED oxide of lead is placed in a filter press 
which is traversed by the water to be purified, and this 
producesan effluent showing only one or, at most, two 
degrees of hardness. In this way all the carbonates, sul- 
phates, and chlorides are precipitated. 

To work this process economically, it is necessary to 
produce the hydrated oxide of lead cheaply, and the 
following costed has been devised by Villon for this 
purpose: 

Sodium nitrate is dissolved in water, and the solution 
is placed in a vat divided into two compartments by a 
diaphragm; lead electrodes of large surface are placed 
in the solution, and the current from a dynamo then 
passed through. ‘The sodium nitrate is decomposed, 
caustic soda being formed in the negative compart- 
ment and nitric acid at the positive pole, from which 
it dissolves a certain quantity of lead, forming lead 
nitrate. 

After the current has been ing through the 
liquid for a certain time, the solutions that result ‘rom 
the various decompositions are run from the two com- 
partments into a second vat, and then mixed mechani- 
cally by means of an agitator. The soda precipitates 
hydrated oxide of lead, and itself forms sodium nitrate; 
the liquid is then filtered, and the sodium nitrate so- 
lution which rans through the filter is again subjected 
to electrolysis. 

When the hydrated oxide of lead has been in use for 
some time it is then replaced by fresh oxide; the proper 
time for replacing the contents of the filter press is 








metric assay. I prefer to purify and weigh the natural alkaloid. 





which, when ground with oil, covers well, and is free 


indicated by the degree of hardness of the water. 








12976 


SCIENTIFIC AMERICAN SUPPLEMENT, No. 812. 





_—_ 


——_—— 





——_ 


THE AERATION OF WATER. 


WATER in its natural state is never found chemical- 
ly pure ; matter more or levs foreign is identified with 
it and detected under the test of the chemist. Never- 
theless waters thus found are fit for human consump- 
tion and, taken from pnature’s laboratory, are pure 
enough for general use. 

The methods adopted for purifying water are oxida- 
tion or aeration and filtration. ature in herself prac- 
tices and carries on snecessfully the process of purifica- 
tiou. When her administration is interfered with by 
man’s construction of dams and reservoirs to confine 
her waters, it then becowes necessary for him by 
science, investigation and mechanical means to imitate 
her example. In this attempt he wust recognize her 
laws. Oxidation or aeration is one of nature’s proces- 
ses carried on successfully for the purification of water. 
The oxygen is dissolved in the water, coming in con- 
tact with whatever organic matter may be associated 
with the water, changing into nitrites and carbonic 
acid. The greater the agitation of the waters, the 
greater the beneficial changes thus wrought. 

Cascades, fountains, the introduction of air to con- 





duits, artificial falls, thin films of water passing over 
large surfaces, in fact any device that will permit the 
air to wingle with the waters, gives new life to the 
waters and death to organisms. The plan illustrated 
herewith and adopted by the Utica (N. Y.) Water 
Company is on the fountain principle, discharging the 
water under pressure through a series of pipes, the ag- 
gregate areas presumably equal to the main discharge 
pipe, and into a shallow basin. The greater the pres- 
sure, the greater the height the waters are elevated by 
their several columns, giving proportionately time for 
the action of the air on the ascending and descending 
waters. It occurs to one’s mind, however, that the 
quantity of water thus treated should not be in excess 
of the daily amount used, that each day’s supply of 
water should be fresh. This mode of purification of 
water will require treating reservoirs of shallow depth 
and surface area equal to requirements. 

A similar plan to the Utica plant is the one at Fresh 
Pond, adjacent to the Stony-brook reservoir, at Camw- 
bridge, Mass., different in that four outlets of discharge 
arein use, and throwing the water into the air forty 
feet above its outlet. 

Chief Engineer Charles B. Bush, of the Hoboken 
water works, gave ao interesting paper to the American 
Waterworks Association, at their last annual meeting 
in Philadelphia, on the subject of aeration, in which 
the application of air was made quite different from 
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amaening of plant offspring from the place of their 
rth. 


It is well to bear in mind that the term weed is a 
relative one. If it please you, weeds sprang into exist- 
ence in that shadowy morning of our race when man 
learned to distinguish god rom evil and was cursed 
for his acquirements. eeds are only plants that are 
able to assert their inborn rights above all others and 
wage a close warfare with man for the possession of 
the earth. There is nothing in structure, form or 
substance that distinguishes a weed from other plants. 
it lives, grows and reproduces its kind like all others 
of its class, and therefore the methods of migration are 
the same as obtain with those of its kin. The rapi- 
dity may be greater because of the dominant weed 
nature, but the difference is only in degree and not in 
kind. No new laws of distribution were born with 
the advent of the garden and cultivated field, but new 
and more favorable conditions only. We brand a plant 
a weed only when it pesters us. Some plants are worse 
pests than others. Those most troublesome in one 
locality may be least so in another. Many plants are 
very useful friends under certain circumstances an 
the bitterest of foes in others. 














It is not within the compass of this per to con- 
sider the relative demerits of weeds, but, assuming 
that certain ones are quite universally pestiferous, to 
show if possible what have been some of the advances 
such have made in their attempts to cover equally our 
portion of the earth. 

As weeds exist only as man creates the conditions for 
them, it is natural to expect that the first plant pests 
in this country were in those looalities where the 
virgin soil was first broken, and the last place to find 
a weed should likewise be in the wild lands only known 
to thesavage hunter and his game. Other things re- 
maining equal, the older parts of our country should 
have the longest weed history if not the longest weed 
list. 

A large number of our worst weeds came to us from 
foreign countries. Just how they emigrated in every 
case will never be known. Some came as legitimate 
freight; many were “stowaways.” Some entered 
from border lands upon the wings of the wind, on river 
bosoms, in the stomachs of migrating birds, clinging 
to the hair of pene see and a hundred other 
ways, besides by man himself. Into the New England 
soil and that south along the Atlantic seaboard the 
weed seeds first took root. Also, there are wild plants 
of thatregion, with a strong weedy nature, developed 
into pests of the farmand garden. As civilized man 
moved westward the weeds followed him, reinforced by 


AERATION SYSTEM, UTICA, N. Y. WATER WORKS. . 


what has been stated, viz., by water power actuating 
a turbine wheel, geared to an air compressor, which in 
a short time aerated 289,000 gallons of water with 82, 
000 gallons of air.” 

Mr. Bush in this case had experienced considerable 
trouble with algw making the water unpleasant to the 
taste and also giving it a marked odor. The experi- 
ment was a decided success. Stephen H. Babcock, 
hydraulic and sanitary engineer, of Little Fails, N. Y., 
has also tried aerundation by bringing the conduit 
waters in contact with air at stated ints of the wa- 
ter’s travel through the conduit, and with successfal 
results.—Fire and Water. 


THE MIGRATION OF WEEDS.* 
By Byron D. HAtstTEp, New Brunswick, N. J. 


THE migration of weeds is only one chapter in that 
great oy ye mostly unwritten, the title of which 
may be the distribution of plants over the face of 
the earth ; in other words it is buta single phase of 
that broad and comprehensive subject, namely : the 
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new native ones that soon vied with those of foreign 
blood. Not satisfied with this, these natives of the in- 
terior ran back upon the trail and became new enemies 
to the older parts of our land. 

The conditions favorable for the spreading of weeds 
have increased with the development of our country, 
until now we are literally overrun. Weeds, usually as 
seeds, go and come in all directions, no less as tramps 
catching a ride upon each passing freight train than in 
cherished bouquets gathered by the wayside and ten- 
derly cared for by transcontinental tourists in parlor 
ears. In evidence of this the following notes and ob- 
servations gathered from many sources are condensed 
into the brief limits of the present paper. The time, 
and your patience, could easily be exhausted in simply 
naming the weeds that oceupy more or jess of American 
soil. It is therefore imperative that a few of the worst 
species be mentioned, and for convenience t are 
treated in the order of the standard lists and manuals 
of the United States. 

Only two of the several weedy plants of the Ranun- 
culacee interest us particularly in this connection, 
namely : Ranunculus acris L. and R. bulbosus L. Both 
are old and common Europeans in the Eastern States, 
but I find no mention of them as yet on the Pacific 
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Coast. Both have been good illustrations of persistent 
invaders without any special structural adaptations for 
migration in seed or t. They are met with abund- 
antly in some localities and rarely in others, from Min- 
nesota to Ohio. The floras of Iodicen (1881) and Kansas 
(1888), for example, donot contain them. R. aeris has 
been the better traveler. Dr. Cooley noted its advent 
into Macomb Co., Mich., asearly as June 11, 1845. Dr. 
Beal has watched, he informs me, its progress for 
twenty-three years. It is now in Shiawassee Co. 

Papaver d L., @ troublesome weed of Europe, 
has found a foothold in a few Atlantic States. Profes- 
sor Rothrock writes me that within fifteen years he has 
seen it s from Downington west almust to Lan- 
caster, Pa., twenty-five miles, becoming each year 
morecommon. On the other hand P. somniferum L. 
is found in most of the Middle States, due to the fact 
that it has escaped from cultivation. 

In Argemone Mexicana L. we have a common 
and miserable weed of the Southern States that has 
come up to us from tropical Awerica and spread, al- 
though yet sparingly over many of the Northern States, 

has been cultivated in gardens has 
helped its migrations, which now reach nearly to the 
ends of the earth. 

Lepidium campestre (L.) R. Br. is one of the most 
interesting of the Crucifere from the migratory point 
of view. While still marked as rare in the last edition 
of Gray’s Manual, it is a troublesome weed in many 
localities where it has gained the mastery over large 
areas with remarkable rapidity. It is the most com- 
mon weed in many fields near New Brunswick, N. J., 
in May. According to Professor a it was first 
noticed in Ithaca, N. Y., in 1878. As this paper is be- 
ing copied, Craig’s catalogue of the uncultivated plants 
on the Ohio University grounds comes to hand and the 
following is quoted: ‘‘This weedy plant, which is not 
given in Beardslee’s catalogue of the plants of Ohio, is 
very abundant inthe northeast corner of the woods 
meadow, where it is spreading rapidly. It is 
one of our recently introdu plants. Six years ago 
there was scarcely any to be found there ; it now cov- 
ers the northern half of the field and is becoming com- 
won in other places.” Professor ey reported a 
single clump of this plant in Summit Co., Ohio. 

The three species of Brassica, namely, B. alba (L.) 
Boiss, B. nigra (L.) Koch, B. arvense (L.) B. 8. P. (B. 
sinapistrum Boiss) and Capsella Bursapastoris (L.) 
Meench., need only be mentioned in ing as remark- 
able for the extent to which they have become 
naturalized. Nearly every flora, no matter how local, 
contains three at least of these four pestiferous plants. 

Iychnis Githago (L.) Lam. is a conspicuous instance 
of a foreign weed that has become common to nearly 
all wheat-growing regions of America excepting Cali- 
fornia (it is mentioned in Howell’s catalogue of plants 
of Oregon, Washington and Idaho), and yet is not 
counted among the naturalized weeds. Dewey said in 
1840 of this plant, ‘‘ propagated with the wheat,” and 
the same may be said of it to-day. Better care in 
cleaning seed grain would do much toward reducing 
the damage done by corn cockle. 

Sida spinosa L. illustrates the northward movement 
of a southern weed, the home of which was probably 
in the tropics. Found first in ‘‘dumps” around mills 
in New England, it is natural to infer that the seeds 
were brought north in baled cotton. It is now found 
occasionally in many of the Central and Western States. 
The Abutelon Avicenne Gaertn. is another malvaceous 

lant which, first coming from [ndia, is rapidly work- 
ng its way toward the western coast. Hibiscus trio- 
num L., taking advantage of its beauty and escaping 
from gardens, has become a great nuisance in many 
a and is to be expected anywhere east of the 

ky Mountains. Malva borealis Wallm., so luxuriant 
in neglected soil in California, has recently obtained a 
foothold near woolen wills in Massachusetts, and illus- 
trates how a weed may make a long move eastward 
through the unintentional assistance of man. 

In like manner the Hrodium cicutaritum (L.) L’Her.. 
whether a native of California, as Dr. Watson and 
some others believe, or introduced in the fleeces of the 
flocks from een, while keeping pace with those 
flocks, has made a ** permanent settlement,” according 
to Mr. Collins, in the woolen mill yards of Massachu- 
setts. While the alfalfa is a fine forage crop, it may be 
a most annoying pest and takes a high rank among 
the weed lists of some of my Californian correspondents. 
In the Leguminose Medicago lupulina L., Melilotus 
alba L. and Lespideza striata Hook. and Arn. most 
interest us. The first two are from Europe, and gener- 
ally common but not ressive in the Eastern States. 
In the richer soil of the middle prairie region their 
growth is rank, as the following quotation from a good 
authority will show: ** Melilotus alba L., introduced a 
few years ago as a garden plant, has , 80 rapidly 
in the rich bottom lands along the Mississippi River 
that it is fast driving out the sunflower and other 
native weeds.” The pideza, or Japan clover, was 
accidentally introduced into South Carolivain about 
1849 with imported goods, probably from China. It 
has spread with great idity through the South, and 
according to Dr. Neal it has become one of the res- 
sive weeds of Florida, holding the soil against all else. 
Tt has won high esteem with many as a forage plant, 
much to its credit. However, it has great weed possi- 
bilities and is a remarkable traveler. 

Of the Umbellifers only two can be named here: 
Daucus carota L. and Pastinuca sativa L., both natur- 
alized from Europe long ago in the Eastern States, and 

ear by vear have made a steady progress toward the 
ky Mountains. Sometimes in the Middle States the 
wild carrot is reported as the more abundant, and in 
other places the wild parsnip isthe worse. The carrot 
has been most aggressive in the Atlantic States, and J. 
J. Thomas, who has kept notes of weed plants for fifty 
years, writes me that it has increased greatly of late in 
Central New York. It is persistent as well as progres- 
sive. That the parsnip has now a wider range than 
the carrot may be due to the former straying from 
the garden and quickly degenerating into the wild 
pest. Thus both species are absent from the flora of 
California (1880), but 8S. B. Parish, a keen observer, 
found the first wild form of the nip in his State 
(California) in 1882 upon a stream oo low a farm 
house, and since then the weed has spread rapidly. 


The carrot travels well in baled hay. 
In the Composite we find many weeds, the worst of 





which, and the worst of all, is Cnicus arvensis (L.) 
Hoff.; while generally 


to be found in the Atlantic 
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it seems not to have obtained a stand in Cali- 
mene In many of the middle Western States, as 

Michigan, Wisconsin and Kentucky, it has been upon 

the increase for twenty or more years and is becoming 
a pest beyond the Mississippi. Sometimes it has been 
introduced to new localities in the packing hay and 
straw of merehants’ goods, but more frequently in 
unclean seed-of field and garden crops. Its methods 
of spreading when once established are well known to 
all. Chrysanthemum Leucanthemum L. is another 
standard nuisance of European origin in the Eastern 
States, and is now not anknown to the Pacific coast. 
In the Mississippi Valley it does not seem to be a suc- 
cesaful rival with some of its relatives, and while’ wide- 
spread it has not acquired the courage manifest in the 
Atlantic States. Botanists and others claim that it 
does not seed well on the prairies. It offers a good 
illustration of weed migration in the seed condition, 
mixed with timothy, red top and other grass seed, from 
which it is not quickly detected. Its being distaste- 
ful to live stock helps it in holding the soil when once 
established. The Xanthiuams furnish illustrations of a 
variety of movements. Y. Canadense Mill, as a native 
of the central Southern States, has spread north, east 
and west until it isin Minnesota, New York, California 
and Idaho. The variety echinatum (Murr.) Gray has 
extended throughout New England and is by no means 
confined to the “sandy sea shore and on the great 
lakes” of the Synoptical Flora, J. strumarium L., 
from Europe, meets its cousin, XY. spinosum L., from 
tropical America and both may be seen, for example, 
in Massachusetts, New Jersey, Kansas and California, 
These two rank pests, with hooked seed coverings well 
adapted for catching into wool, invade a vast country 
from widely separated points and will finally cover it, 

According to Professor Blatchley, Hopocheris radi- 
cata L. appeared in Indiana not long ago and its ad- 
vent was clearly traced to the packing surrounding 
some goods from Germany. It is an occasional ballast 
plant at New York and Philadelphia. 

Lactuca scariola L., while yet not among the worst 
weeds, partly because rare, has of late vears mani- 
fested a remarkable tendency to spread throughout 
the country. Judge Day saw it aw miles west of 
Milwaukee in 1880. According to Professor Claypole 
it isa new comer to Summit Co., Ohio, where in the 
last four years it has increased rapidly. I saw it at 
Cleveland while at the meeting of this Association, and 
it is beeoming’ common in the vacant lots of Chicago. 
Professor Pammel found it on the refuse heaps of 
nursery packing near La Crosse, Wisconsin, in 1887, 
and recently in northern Texas and several places in 
Missouri. It shows a peculiar preference for neglected 
streets and grounds of cities, and thus keeps close to 
the lines of railway, by which it undoubtedly travels. 

Artemisia biennis Willd., a-native Westerner, is one 
of the recent introductions tothe East. Judge Day 
writes me that itis abundant around Buffalo, N. Y., 
but has become so within the past few years. It is 
also common near Boston, Mass., and has increased 
rapidly of late aécording to Dr. Swan. Gray’s manual 
for 1856 said for range of this species, ‘‘Ohio and west- 
ward;” in 1875 edition, “ rapidly extending “eastward,” 

and the Synoptical Flora (1884), *‘ now spreading to the 
seaboard.” A still more aggressive weed from the West 
is Rudbeckia hirta L., now marked ‘‘common” in the 
fidras of the Eastern States. Professor Rothrock writes 
that in Maine, from Bangor to Moosehead Lake, it was 
much more abundant than in any other place known to 
him. T. H. Hoskins, Newport, Vt., writes that it was 
quite unknown at his place twenty-three years ago, 
but is now abundant, and adds that it came in Western 
clover seed. According to Professor Eaton it was rare 
at New Haven thirty years ago. ‘T. 8S. Gold, Sec- 
retary of Board of Agriculture for Connecticut, also 
writes, stating that it came in grass seed from Illinois 
thirty years ago. The cone flower is more than a fair 
exchange for the ox eye daisy that has less steadily and 
successfully established itself in the West. The last 
vagrant of the Composite. and the last in this order 
space will permit of meution here, is what Professor 
W. W. Bailey styles a “lovely pest,” namely, Hiera- 
ctum aurantiacum L., which on account of its beauty 
has been given a place in flower gardens, only togather 
strength and take advantage of its admirers. It is a 
prominent weed of the later days and calls for more 
replies to the question, ‘* What new weed is this?” than 
all others. The Cayuga Flora says, “In 1885 a few 
specimens were found.” Professor Eaton writes that 
it is spreading through Connecticut, while others re- 
port itas abundantin Vermont and Maine. 

Echium vulgare L. isa vile weed that is increasing in 
humbers and widening its territory in the Eastern 
States. Professor Rothrock writes me that twenty 
years ago it was almost unknown in Mifflin County, 
Pa., but now has taken possession of all abandoned 
spots *‘ from the river clear up to the slope of the moun- 
tain.” First noticed by E. Volk at nton, N. J., 
in 1878; it is now abundant. Professor Bailey writes 
for Rhode Island, “Increasing to an alarming extent.” 
This species is mentioned particularly as one that 
seems to be satisfied with the Atlantic States, and is not 
moving westward with a dangerous pace. Its near 
neighbor, also from Europe, Lithospermum arvense L., 
whiie much more modest iu appearance, is far the 
greater traveler, and figures in the grain fields both 
East and West. The reason for the difference may re- 
side in this fact, thus insuring the spread of the pest 
in the seed grain, while the burly bugloss ws mostly 
in neglected land. Dr. E. F. Smith mentions the puc- 
coon in particular as having been spread in Michigan 
by the itinerant threshing machine. 

Convoloulus arvensis L. isa beautiful, bad weed, now 
quite old to the Eastern States, but is finding its way 
Westward, and working harm in many places. The 
latest catalogue to date,ffrom the central Western region 
Rives what has been gathered from several sources, 
namely, “this plant was recently introduced and... 
1s spreading rapidly.” I found but asiagle patch of it 
while at Ames, Ia., introduced, it is thought, in wheat. 
Two of the foreign dodders are good instances of the 
introduction of weeds of the worst sort, namely Cuscu- 
ta Epilinum Weihe, of the flax, and C. epithymum 

ar. quite troublesome in some quarters upon the 
clover. Being parasites, they must rise or fall with the 
increase or abandonment of their respective hosts, and 
may be expected at any place where the seed sown con- 
tains the germs of these dodders. 


any State or local flora, but its wanderings are less 
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until its range in the new manual is given as ‘‘ Con- 
necticut to Iowa, south tojFlorida and Texas.” It is par- 
ticularly obnoxious in Kansas, from which State it has 

reported by several parties. This species only 
prepares the mind for another of the same genus—a 
most execrable pest from which all who possess it may 
well pray to be delivered. This is S. rostratum Dun., 
which is contributed to the cultivated lands of our 
country by the plains of Nebraska and Texas. Gray's 
manual! (1890) says, ‘Spreading eastward to Iilinois 
and Tennessee.” To those who w by experience the 
hateful nature of this vagabond this is far enough, but 
in the recent Flora of New Jersey Dr. Britton liste it 
from three counties and calls it natarally ‘‘a fugitive 
from the West.” Turning to the hebarium I find the 
same prickly, defiant nuisance that was a 
curse the fields at Ames, lowa, three years ago. i. 
lins gives it in his Middlesex (Mass.) Flora, and it has 
been reported from New York. It becomes a tumble 
weed, thus adding a seed-spreading power to its long 
list of detestable qualities. 

The Linaria vulgaris Mill. is a superior illustration 
of a weed in itself handsome and harmless to the touch, 

aining a hearty introdaction into American gardens. 

ut it roots deeply, seeds ay aon holding the soil 
it has, it spreads to new areas above ground and be- 
low, and the seeds are well adapted in size and color 
to become undetected foul stuff in clover and grass 
seed. Several Western farmers have reported to me 
that this nuisance came to them in the packing of 
goods from the East. 

Phelepwa ramosa L. is a com vely new and 
severe parasite upon hemp and to , that probably 
came from China with hemp seed. It is particularly 
bad in Kentucky and Professor Carman has recentl 
issued an illustrated builietin upon the subject, wi 
ened advice as to methods of checking |the spread of 
the pest. 

The plantains farnish some interesting points in 
migration. yes major L. is almost literally 
everywhere, following as it does, with remarkable 
promptoess, upon the heels of wth cone it soon be- 
comes a dreaded pasture and meadow weed in many 
places. P. lanceolata L. is likewise to be expected in 


king and foul stuff in grass, grain and other seeds. 
‘ordeum jubatum L. is a western grass, very abun- 
dant in Nebraska, according to Dr. Bessey, a prow- 
inent pest in Wisconsin weadows, as reported by 
Professor Henry, and moving eastward, rapidly along 
railroad tracks in particular. I saw it more than 
double its strength in iowa in four years. and if the 
writer had accepted the offers of Eastern florists for a 
large quantity of the heads for decorative purposes, 
wight have assisted materially in the spreading of the 
— S is, however, found in some of the Eastery 
and may soon rival another new comer of the 
grass tribe, namely, Bromus tectorum L., from Europe. 
which as yet [have not heard of west of New York 
and Pennsylvania. It was first observed at New 
Haven, about wharves, in 1872, and is now abundant 
there. According to Mr. Manning, it reached Boston 
in 1888 and is now spreading rapidly, and is common 
in several localities in Middlesex county, as reported 
by Dr. Swan. It is the most common early in 
dry, waste places here in New Brunswic The 
Bromus secalinus L. goes wherever wheat and rye 
are cultivated and with theseed of those grains. 
C Dactylon (L.) Pers., 20 highly prized in the 
South for pastu is becoming a nuisance, especially 
in lawns, in the Hovehare States. It is reported as a 
miserable weed in Tennessee, and within a week my 
attention has been called to it in this State, where its 
creeping stems invade the sandy soil of south Jersey. 
A four foot string of it now hangs upon my laboratory 
wall, where it may die. The owner of the infested 
land in question is quite certain that the pest started 
from a dump heap that received hay packing from 
boxes. In Cenchrus tribuloides L. we have a vile 
weed native to many sandy places along lakes and 
streams from the Atlantic to the Pacific coast. Its 
migrations, therefore, have been largely from these 
wild haunts to the fields and gardens. ‘This has been 
very general, as is to be expected, as the seeds are well 
provided with a method of clinging to passing ani- 
wals, as wany boys well know. 
Time fails we, or otherwise the movements of scores 
of other weeds might be mentioned. Something could 
be said of the hundreds of ballast plants that are con- 








difficult to account for, as in many instances the seed 
has been purposely sown for sheep pasturage ; besides 
the seeds are of a size, shape and color to easily go 
mixed with those of clover, its most common vehicle 
of migration. P. Patagonica var. aristata Gray, un- 
like the others, is doubtless native (P. major is con- 
sidered by some as both native and introduced from 
Europe) of the West; and has of late years become a 
settled occupant of the fields of New England and the 
States found on its way to the Atlantic. 

During the past year the Salsola Kali L. has as a 
weed attracted special notice. It has been sent to me 
from a number of parties in Dakota, and from the re- 
rts it appeared as if it might have been brought 
into that region with the goods of Russian or other 
settlers. From this supposed fact it took the common 
name of “ Russian cactus.” Dr. Bessey reported it 
from northern Nebraska and Mr. Hitchcock found it 
quite abundant at one place in Iowa, along the rail- 
road that extends to Yankton, Dakota. Mr. Cratty 
reports it.in two other localities in northern Iowa 
(Emmet Co.), where, asin the Russian settlements in 
Dakota, it was a tumble weed. Dr. Watson thinks 
it may be native to the region of Dakota. However 
this ner be, the plant is associated in the botanical 
mind with sandy sea shores, and more than all it is a 
direfal weed that is reported as forming balls as large 
as houses and rolling with the wind for long distances 
over the prairies, leaving no excuse for its not spread- 
ing rapidly. 

Allium vineale L. is one of the vilest of pasture 
and lawn weeds in the East, but is not generally found 
in the West. Professor Scribner ts itas a nui- 
sance in Tennessee, and Professor zenby ranks it 
in the third class of weeds for Ohio. Propagation is 
largely by bulbs and its migration will be slow. One 
method of getting from one place to another was ob- 
served by Thos. Meehan, namely, by the dried leaves 
catching in the passing lawn mower. when the bulb 
is uprooted and carried forward indefinitely. 

A few of the weed grasses are fair travelers. Agro- 
pyrum repens (L.) Beauv., in one or more of its puz- 
zling forms, is found nearly the country over, but is 
not the bad weed in the South that it is at the North. 
There is no mystery why this plant with its subter- 
ranean stems should hold all good soil itis in. It mi- 





ti In Solanum Carolinense L. we have a Southern na- 
ive that has slowly and surely extended northward 


grates from one part of the field to another upon the 
plow and harrow and across States in hay, hay 





stantly coming to our shores, most of which fail to 





TENT OF A CALIFORNIA FUMIGATOR. 


gain a foothold. This suggests that the majority of 
our foreign plant foes are already within our borders 
However, there are enough for all, and there way be 
weed possibilities in some of our native species that 
will add to the present burdens upon American agri- 
culture. The importance of knowing as far as pos- 
sible the nature of these intruders at the outset is 
clear to all, and that they should be eradicated when 
young in experience and weak in numbers is self- 
evident. 

It is not necessary, in closing, to dwell upon the 
pleasure that botanists take in watehing for the 
advent of new weeds and the increase or decrease of 
old ones, or urge them to wake their observations 
known to crop growers, fellow botanists and others. 
In conclusion | wish to thank all who have extended 
a helping hand in the preparation of this exceedingly 
incomplete paper. 


KILLING INSECT PESTS WITH HYDRO- 
CYANIC ACID. 


THE California orchards are on so large a scale, and 
so much capital is invested in the fruit-growing in- 
dustry, that every incentive has been given to the in- 
ventors of that region to build insect-destroying ap- 
paratases. It is certain that the best and cheapest 
spraying systems in usein the United States are to be 
found in California. At the present time the orchard- 
ist in such fruit districts as the Santa Clara, Napa and 
Sonoma valleys sprays four large trees simultaneously 
by using four hose with proper nozzles, leading from 
a tank mounted on a two-horse wagon. A strong force 
pump supplies the necessary pressure. 

But no system that has been tried in California has 
attracted more attention than the recent applications 
of hydrocyanic acid gas to the destruction of insect 
life. This is done by means of a tent so large that it 
can be dropped over the largest orchard tree. Some 
of the very tallest orange trees in southern California 
have been fumigated by this process, with gratifying 
success and at avery small expense, when the effective- 
ness of the method is vonsidered. Every insect can be 
destroyed without injuring the tree. 

A fumigating apparatus at Pomona, in Los An- 
geles County, is shown above at the moment when 
one tent is about to be dropped over the tree. At each 
movement of the wagon, two trees are fumigated. The 
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earlier apparatus only had one tent, but now two are 
used, so as tosave time. There is no patent extant upon 
the apparatas, or the use of hydrocyanic acid. Some 
people in the southern counties have been trying to 
secure patents, bat there is little or no danger that 
thev can succeed. 

The State Horticultural Report of 1890 contains ad- 
mirable working plans, drawn to scale, which show 
the exact construction of the faumigating tents used in 
Orange County. Any person can build one from these 

slans, which are essentially the same as those of the 
Pomona apparatus. 8. W. Preble, of Tustin City, was 
the builder of the apparatas figured. 

The formula for generating the gas varies, but one 
of the best is as follows: Take one part (by weight) of 
dry potassium cyanide, one part of sulphuric acid, and 
two parts of water. The generator is a lead vessel 
like a water bucket. The tent is placed in position, 
the cyanide is placed in the generator, then water is 
added, and lastly the acid. The operator then with- 
draws and leaves the fumigation to proceed for about 
15 minutes. An orange tree 18 feet high and 14 feet 
across the branches required the following quantities : 
15 ounces of caynide of potassium, 30 fluid ounces of 
water, and 15 ounces of sulphuric acid. This is accord- 
ing to Prof. D. W. Coquillett’s *‘ Insect Life.” Some 
variations of the formula are given in the State Horti 
cultural Reports. The apparatusis often used at night, 
or, if used during strong sunlight, black tents are pre- 
ferred in order to lessen the effect of the light rays, 
which affect the gas. Despite all drawbacks. however, 
the method promises to be very extensively used in 
closely settled orchard districts. The owner of an ap- 
paratus usually contracts to operate on an orchard at 
a'fixed price per tree. [t introduces a new industry— 
that of the ** professional fumigator.”—Charles Howard 
Shinn, in Rural New- Yorker. 


TIGER NETTING. 


TIGER netting is one of the methods by which the 
natives of India manage to avenge themselves upon 
the tigers which rob them of their cattle. The man- 
ner in which a tiger carries off a cow ora bullock is 
much disputed ; Forsyth and others holding that he 
seizes his victim by the nape of the neck, and Sander- 
sen asserting that the attack is made on the throat. 
There is little doubt that Sandersen’s view is the cor- 
rect one. As the tiger carries off his kill there is al- 
ways the drag of a hoof or leg on the ground, and by 
this means the natives track the tiger into the jungle, 
and mark him intoa strip of reed grass, or some such 
cover. The net is then placed to one side of the grass, 
and a broad path is cleared in front of it, beaters sur- 
rounding the cover, and beating the tiger up toward 
the net. Stops are placed at each end of the path, 
and as the beaters close in upon him, the tiger appears 
at the edge of the path to reconnoiter. Seeing the 
stops on both sides of him, aud hearing the yells of 
both stops and beaters, he takes the only open line 
and dashes straight upon the net, behind which stand 
the picked spearmen of the village, hidden by the 
long grass. When the tiger attempts to break through 
the net, it is thrown down upon him, and while he is 
straggling in the meshes, the spearmen fall upon him 
ina body and spear him to death.—Our engraviugs 
are from sketches by Mrs. H. Metcalfe, Chanderna- 
gore, Bengal.—-The Graphic. 








NOVELTIES IN STREET ADVERTISING. 


THE accompanying engraving represents two novel 
advertising apparatus for use on the public streets. 
In the first of these the distributor is an elephant, the 
body of which is so arranged as to provide a space for 
a man and the distributing mechanism. The man 
enters through a trap under the body of the animal, 
and which is easily rendered invisible. The mechanism 
consists of a tube inclosed in the trunk D and into 
which the advertising circulars are introduced through 
a hopper A, after the plate B has been pulled back by 
means of the handle E. As soon as the handie is 
released from the man’s grasp, the spring E suddenly 
relaxes and the cireulars are forced to the exterior 
through the end of the trunk. By rendering the trunk 
movable the circulars can thus be cast in all directions. 
The mechanism just described may be replaced by a 
small pneumatic device actuated by a pedal, so that 
the man can have his hands free for introducing the 








circulars into the hopper. In addition, a second mech- 
anism, actuated by one of the axles of the vehicle that 
carries the elephant, moves a drum representing the 
animal’s belly and to which a certain number of adver- 
tisements are affixed. 

The figure to the right represents an improvement 
introduced by the same inventor into portable adver- 
tising devices. The advertisement, instead of being 
stationary, is pasted upon an endless band of canvas 
running over a roller D, revolved by means of wheels 
A and B, connected bya pitch chain. By turning a 
winch attached to the shaft of the wheel A, and within 
reach of his hand, the carrier can cause the advertise- 
ments to make their — one after another. 
—Les Inventions Nouvelles. 


EXPERIMENT ON TH 
OF GASES. 


Upon holding a wide-mouthed bottle horizontally 
and placing a cork loosely in its mouth, it would 
naturally be thought by the uninitiated that were he 
to blow against the cork, it would enter the bottle. 


COMPRESSION 





more than a limited quantity of snow on them. They 
occur generally in wint«r and in early spring, and are 
the cause of the results just described. 

‘*The second kind of avalanche is a descent of old 
snow, which is loosened by the heat of the sun. They 
may be heard throughout the summer and autumn. 
and are dangerous from the unexpected and irregular 
manner in which they slide off. The sportsman and 
traveler should guard against ae one intelligently 
placing his camp in some  shelte spot out of 
their reach. This class was not usually of any great 
extent or weight, but such avalanches are of constant 
occurrence. The third kind can only be seemwhen the 
mountains are of peculiar formation or structure, and 
are really ice and not snow avalanches. They are of 
very constant occurrence in some localities, more par- 
ticularly where small glaciers are situated high up on 
the crest of mountains, and are gradually pushed over 
the ~ 

“In Lahaul, in the company of a friend, we watched 
the face of the well-known Gondola cliffs from the right 
bank of the Chandra River, and sawa number of these 





ice falls, which came down every few minutes, filling 





EXPERIMENT ON 


Such is not the case, however, for the moment the 
current of air is produced, the cork, as if projected by 
an internal spring, makes its exit with force from the 
neck and strikes the lips of the experimenter. 

The explanation of the phenomenon is easy. Upon 
blowing in the confined space of the bottle, the inter- 
nal air is compressed, and then expands and thrusts 
the cork out. The stronger the current of air is, the 
more forcible will be the projection of the cork. 

In order to succeed, a few precautions are necessary. 
The bottle must not be wet internally, and the neck 
must be absolutely dry, for dampness might cause the 
cork to stick to the glass and make success doubtful. 
—La Nature. 








THE HIMALAYAS. 


THIS was the subject of a paper lately read before 
the Royal Geographical Society, by Col. H. C. B. Tan- 
ner (Indian Staff Corps), who for many years has been 
one of the officers of the Indian Survey, most of his 
time having been spent in various parts of the Hima- 
layas from northwest to southeast. The paper was 
illustrated by admirable drawings. 

With regard to avalanches, Colonel Tanner stated 
that they play a great part in the conformation of the 
topography—a greater part, indeed, than is generally 
supposed, and this factor has not received the atten- 
tion it deserves at the hands of geologists. 

** | became acquainted,” he said, “ with four distinct 
kinds of avalanche, which, perhaps, are called by dis- 
tinctive names by mountaineers, though I have been 
unable to ascertain them. The first and the most com- 
mon isthe precipitation of a mass of new snow from 
slopes which, from their steepness, are unable to retain 























THE COMPRESSION OF GASES. 


the air with the noise of the loosened rocks and ice 
blocks. The fourth kind of avalanche is one that I 
have only once seen, and have never known described. 
It is very curious, being the movements of billions of 
snow balls, which in a stream a mileor half a mile long 
1 saw slowly wind down the upper part of an elevated 
valley in the Gilgit-Darel mountains. I was after ibex 
at the time of the occurrence, and was watching a herd 
of these animals, when I became aware of a low but 
distinct and unusual sound, produced by a great snake- 
like mass of snow winding doun one of the valleys iu 
my front. It occasionally stopped fora moment, and 
then proceeded again, and finally came to rest below 
me. I found this curious movement of snow was pro- 
duced by countless numbers of snowballs, about the size 
of one’s head, rolling over and over each other. The 
torrent bed was full of them, an accumulation formed 
by numerous similar freaks of nature. I am quite un- 
able to account for such an avalanche as the one now 
described. How does it originate, or by what process is 
the snow rolled up into these innumerable balls ?” 

Col. Tanner made some interesting remarks on the 
subject of the line of perpetual snow. ‘Various au- 
thorities,” he stated, ‘‘lay down such a line with great 
assurance, but for myself I find that circumstances of 
position, of climate, and of latitude, play so great a 
part in the position of this line that I am unable to 
define it even approximately. No sooner in one local- 
ity, or during one particular season, have I settled to 
my own satisfaction the line of perpetual snow, than 
I presently have been obliged completely to modify my 
views on the subject. On p. 154 of the ** English Oy- 
clopeedia,” vol. v., 1 read that snow lies 4,000 ft. higher 
on the northern than on the southern side of the 
ree y tary On p. 281, vol. x., of the same work, it is 
stated that the snow line on the northern slope is at 
19,000 ft., which I should have been inclined to say is 
1,500 or 2,000 ft. too high. 

‘‘In Gilgit during the end of summer I found masses 
and fields of snow at 17,200 ft.,and they extended 
down the northern slope certainly 2,000 ft. or even 
more below that altitude. In Kulu, which has many 
degrees of latitude less than that of Gilgit, avalanche 
snow lies in valleys above 8,000 ft. throughout the year 
after a good winter snow fall, but during the past 
spring, following a very mild winter, I found no snow 
at all at 8,000 ft. There had been no avalanches, and 
even in June at 14,000 ft. snow lay only in patches. I 
think that. in determining the snow line with greater 
precision than has been done hitherto, scientific men 
should ascertain those altitudes on which perpetual 
snow lies on flat places in the positions where it first 
falls, and should neglect the occurrence of a snow field 
where it may have Seen protected from the sun’s rays 
by its occurrence on the north face of a mountain. 
From memory I can state that there are a consider- 


_able number of typical localities which would heip out 
jsuch an ingniry. 


There is a peak (without name) 
about thirty miles north of Gilgit, with rounded sum- 
mit, which, though only 17,500 feet high, is covered 
with a cap of perpetual snow.” 
peaking of the Himalayan glaciers, Colonel Tanner 
stated that the most extensive and the most pictur- 
esque he has seen are in the Sat Valley, which drains 
the southern face of Rakaposhi mountain in Gilgit. 
Three great glaciers come down into this valley, and 
dispute with the hardy mountaineers for the posses- 
sion of the scanty area of the soil. Here may be seen 
forests, fields, orchards, and inhabited houses all seat- 
tered about near the ice heaps. The only passable 
route to the upper ee in this valley crosses the 
nose of the greatest of the three glaciers, and threads 
its way over its frozen surface. 
This glacier is cut up into fantastic needles of pure 
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mense bowlders. About half a mile from its lower 
end or nose, Colonel Tanner found an island bearing 
trees and bushes, and at one place above this a very 
considerable tarn of deep blue green water. The gla- 
cier had two moraines parallel with each other, and 
both bearing pine trees ; and from the highest point 
Colonel Tanner reached he fancied he saw the ice 
emerging from the neve at its source, far away up the 
slopes of Rakaposhi. In this glacier the pinnacles, 
wedges, blocks, aud needles of ice were of the most 
extraordinary appearance, and the whole formed a 
weird and impressive view which he can never for- 
get. Though the largest glacier Colonel Tanner has 
ever approached, it is very small indeed when com- 
pared with those described by Colonel Godwin-Austen 
in a locality not very far from the Sat Valley. Insig- 
nificant though it is, it was more than Colonel Tanner 
could take in during his visit of two days’ duration. It 
struck him at the time of his inspection that the pecu- 
liar stratifledappearance of the ice needles, which in the 
case of the Sat glacier is very strongly marked, wust 
have been caused by the different falls of avalanche 
snow on the bed of neve at the source of the glacier. 
The lowest glacier Colonel Tanner has seen in the 
Himalayas is one that reaches the foot of the range 
near Chaprot Fort, in lat, 353¢°, in Gilgit. It is formed 
of beautiful clear ice and has no dirt. In Kulu and 
Lahaul, lat. 32°, glaciers do not come down below 
12,000 or 18,000 ft., and all are dirty; and in Sikkim, 
lat, 28° or 29°, without having visited the glacier region 
himeelf, Colonel Tanner would say that the lowest lituit 
reached by the Kinchanjanoga group must be consider- 
ably higher, perhaps by 2,000 feet or even more. The 
smaallest mountain he has ever met with capable of 
giving rise to a glacier is one on the Gilgit-Darel 
range whose height is 17,200 ft., and in this case the 
mass of ice formed is of very inconsiderable size. Of the 
glaciers round Mount Everest and its great neighbors 
we know next to nothing, and the little we have learned 
is derived from the itineraries of native explorers, who, 
of all classes of travelers, seem the least capable of fur- 
nishing trustworthy information regarding any sub- 
ject lying at all outside their actual angular and dis- 
tance measurements. But with his telescope, when 
employed on the survey of the Nipal boundary, 
Colonel Tanner has gazed long and earnestly at the 
icy region at the foot of Everest, and Peak No. XIIL., 
where the glaciers extend over a very large area. 
With regard to our actual knowledge of the Hima- 
layas, Colonel Tanner thinks that perhaps our botan- 
ical knowledge is far ahead of other branches of 
science. Many eminent botanists have been at work 
for along time past, and of late Dr. Duthie has been 
allowed to travel on duty in tracks not before visited 
by any one possessing the requisite knowledge. It is 
likely that Dr. Duthie’s museum at Saharunpur will, 
within a moderately short time, become an almost 
complete depository of the chief vegetable products of 
the Himalayas. The geologists, Messrs. Blandford, 
Edwin Austen, Richard Strache, Stolitzka, and 
Lydekker, have been pretty well over those tracts 
open to Europeans, and are now well acquainted with 
all the leading features of their branch of ay” 
sented by the mountains of Kashmir, Kumaon, Kan- 
gra, and Sikkim. Ornithology has found many vota- 
ries, and the birds of these mountains are now prob- 
ably all or nearly all known, though the late Captain 
Harman, only a few years back, discovered a new and 
handsome pheasant in the extreme eastern end either 
of Bhutan or Tibet. The mammals, Colonel Tanner 
supposes, are all known, though one, at least, the 
shao, or great stag of Tibet, has not yet even been 
seen by any European, and the famous Ovis poli hus 
been shot by not more than two or three sportsmen. 


A CLOCK FOR POINTING OUT THE DIREC- 
TION OF THE EARTH'S ORBITAL MOTION 

IN THE ETHER, 
AT arecent meeting of the Physical Society, Lon- 
don, Prof. O. Lodge, F.R.S., exhibited and deseribed a 
new instrument. After observing that his attention 





Simple form of instrument. A disk rotating once in 24 
hours is graduated to show the dates throughout the 
year. On any given date the radius corresponding to 
that date points in the required direction. 


was directed to this matter by some problems relating 
to aberration, he said that a point on the earth’s sur- 
face was always moving to the west, in virtne of the 
diurnal rotation of the earth, at a speed of 700 miles an 
hour. At the same time it was being carried in the 
plane of the ecliptic in a direction at right angles to 
the sun at a speed of 19 miles a second, while the whole 
solar system is supposed to be woving toward a point 
in the constellation of Hercules at a speed of about 
five miles a second. This combination of motions was 
not easy to conceive. 

An apparatus for pointi out this direction was, 
therefore, convenient when dealing with problems re- 

niring a knowledge of the motion of a point th h 

eether, A cimple and early form is shown in 





figure, and in the more elaborate form one spindle, 
representing the earth’s lar axis, and another the 
axis of the ecliptic, were inclined at an angle of 234¢ 
deg., and coupled by a Hooke’s joint. The latter axis 
was capable of rotating round the former. At its 
upper end the ecliptic axis carried a tube and a pointer, 
both being perpendicular to the axis and to each other. 
The clock keeping solar time rotated both axes, and 
when properly set the tube pointed in the direction of 
the sun, and the pointer, therefore, indicated the direc- 
tion of the earth’s orbital motion. 





SUGGESTIONS AS TO THE ORIGIN AND DE- 
POSITION OF FLORIDA PHOSPHATES. 


By Water B. M. Davipson, A.R.S.M. 


THERE are as any theories of the origin and final 
deposition of the phosphate deposits in Florida as 
there are writers on this subject, and no question, 
geologically speaking, has aroused keener controversy 
awong rival experts. The question is essentially an 
economic question, and when it has been decided it 
may be possible for mining engineers to decide qunes- 
tions in their office they now must decide in the field, 
and to assist waterially in the development of what, 
without question, is the most important phosphate 
field yet discovered, 

How important to the world at large a permanent 
source of phosphate of lime is may be estimated by 
educated if not practical farmers when they realize a 
few proved and accepted figures, which I take from a 
thesis by Dr. R. A. F. Penrose, Jr., presented for the 
degree of doctor of philosophy at Harvard University, 
and published by the United Btates Geological Survey, 
in Bulletin No, 46, 1888, p. 21: 

** Phosphoric acid composes over 40 per cent. of the 
ashes of bones, and in the vegetable kingdou it is 
especially abundant in the seeds of plants. Thus the 
ash of wheat contains over 49 per cent. of phosphoric 
acid, It has been estimated that for each cow kept on 
a pasture through the summer there are carried off, in 
veal, butter and cheese, not less than 50 pounds of 
phosphate of lime.” 

I would that the school *‘ marms” of the agricultural 
districts would teach the youthful farmer of either 
sex to embroider the above on his or her sampler, and 
have it hung up in the farm homestead instead of the 
**God Bless Our Home,” ‘Welcome Papa,” etc., which, 
while moral, do not seem to me to teach any agricul- 
tural lesson to the young farmer or farmer’s wife. 
“Use the Proper Fertilizer,” or ‘‘Analyze Your Soil,” 
or “God Helps Him who Knows what His Soil Wants,” 
seem appropriate mottoes. 

While thousands of acres every year are going out of 
tilth, disearded as *“‘worked out,” and the new land to 
be broken is becoming less and less, while the popula- 
tion is increasing, it behooves producer or farmer and 
consumer, or every one who eats in the United States, 
to learn the lesson that while consumption is increas- 
ing, the power of production is decreasing. 

The Department of Agriculture is teaching this, but 
the farmer is the most conservative of his kind ; what 
was good enough forhis grandfather is good enough 
for him. Carpe diem. 

This being the case, the question of the world’s 
future supply of phosphate is interesting to every one, 
be he farmer or willionaire. The farmer’s and the 
millionaire’s children’s food equally depends on this 
question, for without phosphate we cannot have seed, 
and without seed we cannot have wheat, and what 
does our modern science substitute for bread ? 

The phosphate field in Florida, so far as accepted, 
inciudes nearly the entire western half of the peninsula 
as far south as the Caloosahatchee River, the western 
boundary being, so far as known, the line drawn from 
Thomasville, Ga., directly south to the Gulf. Finds of 
phosphate are, however, reported as far west as Bristol 
on the Apalachicola River, and a few bone drift depo- 
sits have been determined in Franklin and Waukulla 
counties, but none, so far, of economic value. I divide 
Florida phosphates into: (a) Hard rock or- bowlder 
phosphate ; (0) soft rock ; (c) nodular phosphate ; (d) 
river pebble phosphate; (e) land pebble phosphate. 

Before entering into the vexed question of the origin 
and deposition of each it is well to review briefly the 
geological history of the section. 

Until a very few years ago—until, in facet, Mr. 
Albertus Vogt and Col. John Duna blundered on to 
the fact that there was phosphate in Florida—the 
whole peninsula was looked upon as a coral reef 
covered with a blanket of sand. Now, the interest has 
been so universal, and so much capital is at stake, that 
the United States Geological Survey has ordered a 
geological reconnoissance, and its surveyors and geolo- 
gists are even now in the field, and, no doubt, their 
results when published will prove of the utmost value 
in solving the now moot — of the origin of the 
phosphate and its economic distribution. Geologists 
working in this field have a hard task, for there are no 
outcrops save in very rare instances, no sections to be 
studied, no syneli or anticlinals to measure, and 
nearly the whole peninsula is covered with a mantle of 
sand varying in thickness, the rivers ever building up 
their banks of sand, or finding new and shallow 
channels instead of cutting through and exposing the 
underlying strata. Many artesian wells have been 
ak Sh, = records of any value 

ave been kept, the most valuable, geologically speak- 
ing, being that sunk at Lake Worth, and on which 
Mr. N. H. Darton, of the United States Geological 
Survey, has published a monograph thie year. 

As far as I am aware, the deepest artesian boring in 
Florida in the phosphate field is that of the city water 
works at Ocala, Citrus County, Fia.; jealousy, it is 
deeply to be deplored, and the ignorance and bigotry 
of the contractor prevented a full geological record 
from being taken, which would have been most in- 
structive. I visited this boring and examined the 
samples, but the contractor had foreibly prevented a 
resident doctor from gaining the much required in- 
formation, and bad made a hopeless mélange of all the 
boring debris. The engineer told me that he had 
struck “coal,” and hunted out some specimens to prove 
it. They were evidently lignite, and were probably of 
the Laramie or lignitic period (see pp. to 
492), and occurred, according to my informant, between 
600 and 800 feet in depth; but no accurate data could 
be obtained. 


The phosphate field in Florida is nnderlaid at an un- | bases, 


certain depth by the Vicksburg limestone (Dana)—a 





cenozoic de t. This limestone outcrops at certain 
well-defined localities, those that I have visited being 
outcrops in Wakulla and Franklin counties, west of 
Tallahassee, the limestone quarries of Ocala and Rock 
Springs, in Orange county, the limestone of Tampa 
Bay and the banks of the Manatee and Caloosahatchee 
rivers. 

These are sowe of the most prominent exhibits, but 
all my personal observations, and the information [ 
could obtain from the men who contract to sink artesian 
and drive wells, lead me to assert positively that an 
eocene or mwiocene limestone underlies, in various 
thickuesses, and at varying depths, the greater part of 
Florida, and, broadly speaking, the entire phosphate 
field. Itis hard to determine exactly the geological 
age of the limestones, as, owing to denudation and re- 
distribution, the fossils are, in places, mixed, eocene 
fossils being found in miocene beds. 

Without referring in detail to the various fancy 
theories already advanced. which I may call the 
“Guano,” “N ic,” or ‘‘Diluvian,” or “Act of Grace” 
theories, the only serious scientific and geological ex- 
planation of the hard rock phosphate is that advanced 
by Francis Wyatt, Esq., Pb.D., in his paper in the 

ineering and Mining Journal of August 23, 1890 
This I possibly may be allowed to call the wave or 
beach theory, and, in wy opinion, while very ingenious 
and distinetly seientific, and while, no doubt, wave 
action came into play, it does not explain satisfactorily 
the rock phosphate deposit in all its vagaries. 

I hope that ny suggestions may possibly lead to the 
truth, though I feel that I am only on the threshold of 
a great geological question, and possibly am trying to 
enter by the wrong door. 

To we it seems that during the close of the cenozoic 
period the shores of the Gulf of Mexico as then defined 
were, as the rest of the eastern coast of the North 
American continent, elevated by gradual upheaval 
until they formed shallow lagoons, estuaries and bays. 
The waters of the ocean at that time were very likely 
more phosphatic than at present, there being an excess 
of carbonic dioxide in the atmosphere and lime in the 
water; both of which, however, were largely eliminated 
during the carboniferous and cretaceous periods. 

In these shallow warm seas live myriads of shell fish, 
many secreting phosphate as well! as carbonate of lime, 
as is shown by the analysis of a shell of Lingula ovalis 
quoted by Dana as containing 85°79 per cent. of phos- 
phate of lime. Although, no doubt, much of this 
phosphate was acquired by accretion at a subsequent 
period, the shells of the shell fish, during these geol- 
ogical epochs, were undoubtedly more phosphatic than 
those of the present era. Fishes of all kinds teemed in 
these waters, died, and their bones, while mostly dis- 
appearing, served to increase the amount of phosphate 
of lime in the limestone. 

Gradually the shores’ emerged from the seas, and 
even while they rose came the great geologic era of 
semi-recent geology—the glacial epoch. 

The cold of this epoch, as we know, drove all and 
every living creature which could travel, southward, 
always southward. The strongest survived the longest 
—some seeking the swamps and warm estuaries of the 
Carolinas, but numbers going still further south. even 
asthe consumptive Yankee travels to-day in the Florida 
vestibule train seeking warmth and food (I do not for 
an instant intend to imply that the Northern consump. 
tive Yankee goes South to seek food—no, only climate; 
vide Southern hotels). But pushed to the southern 
limit and seeking life and warmth, the great mammal 
horde of the tertiary epoch flocked to the swamps and 
estuaries of Florida. ere they died—some from want 
of food, some killed by the strongest, some drowned, 
some by natural death, but most by the terrible cold 
wave ever moving southward. he bones of these 
animals lay there in myriads; some were preserved, 
some rotted. 

At this time also the shallow sea was swarming with 
sharks, manatees, whales and other denizens of tropic 
waters, any of them also driven south by the change 
in the temperature in the northern latitudes; and their 
bones and teeth added to the *‘Valley of Bones” which 
we now find along this Southern shore. 

Then came the swing of the thermometric pendulum, 
and the Chawplain period was an era of melting of 
glaciers and of ice, when wost American rivers were 
fifty times the size they are to-day, and after that man 
first left records of his sojourn here. 

The Chawplain floods were not so severe in their 
action in the south as north, but no doubt it was dur- 
ing this period that the Peace River pebble formation 
and the soft rock phosphates were largely deposited. 

While these quaternary changes were taking place, 
Florida was still rising, slowly but surely rising, and 
denudation began. Then once more the slightly ele- 
vated peninsula gradually sank under sea level, 
and it was covered by successive deposits of sand, 
varied by clays, the beach being the red clays of north 
Florida and southern Georgia. 

Before this took place, however, an economic change 
bearing on this subject had taken place. In many 

laces the limestone, then the dry land, had been 
eached by the rain water, even as chalk to-day can be 
leached, and is leached by soda water, or rain water, 
which is dilute soda water. The highly phosphatic 
limestone was denuded and dissolved, the bicarbonate 
of lime carried away in sclution, and the more insolu- 
ble phosphate in suspension and solution. In the 
stiller waters of the estuaries, and in the wider river 
beds (the rivers had the same course as now, broadly 
speaking), the phosphate of lime in suspension was 
deposited as an alluvial secondary deposit. This was 
mixed, of course, in many places with lime, sand and 
clay being brought down by the same waters. 

As I accept the problem, while all this was in action, 
above the limestone were the bones of the various 
beasts and fishes killed by the awful cold and by over- 
crowding. Some of these bones helped by their de- 
composition to add to the phosphate of lime present in 
the underlying strata, and some were pseudomorphed 
into fossils of phosphate of lime, just as we find them 
to-day in vast quantities; some were washed down and 
were deposited with the phosphatic mud, and some still 
are in situ in the clay overlying the limestone, or 
mixed with the shell reefs and eee. © 

As I see it, the streams percolating and leaching out 
the carbonate of lime in the phosphatic upper strata 
of the Vicksburg limestone were supercharged with 
At certain places, not to be determined by any 
law, the water in the streams and rivers gave up the 
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phosphate in solation, the phosphoric acid being re- 
by carbonic acid. The exact conditions under 

which this took place have yet to be determined, but 
the irregular deposits of ‘‘rock,” ‘‘bowlder,” or “high- 
e” phosphate of lime I believe to be the result. 
meth these rivers or streams issued from an 
underground river or spring, and when the under- 


und pressure was relieved, and when an excess of | req 


was present in nascent form, and the carbonic 
acid could escape readily, the deposit was made even 
as the silicious sinter round the hot springs of many 
countries in modern times. 

The phosphate of lime, pure or impure, took the 
place of the lime rock, sometimes in its original form, 
and even pseudomorphic fossil shells im situ; but 
usually it was deposited according to no known law, 
and in the irregular deposits in which it is found. 
While this action was at work, or afterward, when the 
second sinking took place, the sand covering was de- 

ited, and it was then that some of the detached 
widers helped to form a beach, as deg cribed by Dr. 
Wyatt. ; 

The great similarity between the appearance of the 
hematites of Virginia and the hard rock phosphates of 
Florida was first pointed out by Mr. N. H. Darton of 
the United States Geological Survey, and the identity 
is very striking. These hematites seem to have been 
deposited in the Oriskany sandstone, from water su- 
percharged with hydrated ferric oxide, and the water 
either carried away the silica in suspension or solution, 
or filled by precipitation the cavities and crevices al- 
ready present in the sandstone. 

It is interesting to place side by side two specimens 
—the one of iron ore from Alleghany or Bath county, 
Va., from the Oriskany sandstone, and one of high 
grade phosphate from the Dunnellan mines, in Marion 
county, Fla. The identical structure must strike even 
the most uneducated eye. 

To resume—the phosphate carried in suspension, 
etc., was deposited in the back waters of the rivers, 
forming the soft rock or phosphate, and in the shallow 
streams. With this were the bones of the dead beasts 
mentioned above. Then, in some not understood way, 
segregation and accretion took place, the richer phos- 
phatic nodules attracting to themselves the phosphate 
within the radius of their attraction, and thus was 
formed the ‘‘nodular” phosphate rock, which consists 
of rich concretionary nodules in a poorer calcareous 
matrix, mixed with bones and teeth. 

There is no dispute as to the immediate origin of the 
pebble phosphate, river and land. The nodules and 
the bones, mostly rounded by attrition, were washed 
down by the rivers and distributed in their ever- 
changing beds with sand and mud. The nodules and 
the bones form the gravel in the banks in the river 
beds, the ‘‘river pebble” being merely the present 
result "4 river action. — Hngineering and Mining 
Journal. 


THE PLATINUM INDUSTRY OF THE URAL. 


ALL the platinum of Russia comes from one district, 
the government of Perm. In 1885 the output amounted 
to 110,685 oz., and in 1886 to 184,336 oz. Hitherto it 
has only been found in alluvial deposits and is always 
associated with gold. The proportion of the two ma- 
terials varies greatly, the platinum sometimes being in 
greater quantity than the gold, in other places not 
constituting above one per cent. The former deposits 
are the more profitable to work. The most important 
of these distinetly platiniferous deposits occur in the 
district of Nijni-Taguil, near the watershed of the 
Urals. All the platinum-bearing streams of this local- 
ity descend from Mount Solovskaia, which is composed 
of a serpentine rock. The rivers have greatly exceeded 
their present size in former times, or else, which is 
more probable, have shifted their course, for the wide 
valleys in which they flow contain alluvial deposits of 
considerable extent which are exploited for platinum, 
and toa less extent for gold. Between Mount Solov- 
skaia and the diorite mass of Mount Blanche the sur- 
face is covered with rounded bowlders of serpentine 
and peridotite rock. As these bowlders decompose 
under the action of the air they form a sand or gravel 
from which the metal can be profitably extracted. 
This is similar to what takes place in the weathering 
of the diamond-bearing peridotite rock of Kimberley, 
which is exposed to the disintegrating action of the 
atmosphere before being washed for diamonds. The 
platinom of the alluvial deposits occurs in grains, or 
sometimes in nuggets, of which one at least has been 
found of 10 kilogrammes weight. The gravel often 
contains ¢s oz. per ton of platinum, but can be profit- 
ably worked for 1-10 0z. The deposit near the banks 
of the River Martiane rests of a serpentine conglomer- 
ate, and is from four to five meters in thickness. 
Above is a thickness of 23 to 24 meters of barren 
ground, chiefly clay. Most of the alluvial auriferous 
deposits in which platinum is found are in the neigh- 
borhood of peridote rock or of serpentine rock formed 
by the partial alteration of the peridotite. Thus the 
river Miass takes its source from a mountainous district 
mainly composed of serpentine rock, and according! 
the auriferous deposits near the head of the river are ric 
in platinum, but further down stream, as the serpentine 
formation is left behind, the gold becomes less platinife- 
rous. Small nuggets of platinum are sometimes found 
embedded in pieces of serpentine, of peridote, and of 
chrome iron ore, all constituent miverals of the peri- 
dotite rock, which there is good reason, therefore, to 
regard as the true mother rock of the platinum. The 
richest deposit of the Nijni-Taguil district is that of 
Avrorinski, extending for a length of two kilometers. 

to 60 meters wide, and of a thickness of 4 to 5 
ow Here the platinum is found to the awount of 

4,5, and sometimes even 9 ounces per ton. The 
meta! contains a small proportion of gold, about 0°26 
io per kilo., which is separated by amalgamation. 

crude platinum left contains about 90 per cent. of 
Ee Platinum. From October, 1886, to August, 1887, 
7 Production at Avrorinski was 40,475 ounces. The 
orking of these deposits is to a large extent sublet 
he proprietors to the peasants of the district, who 
poche by the weight of metal obtained. They con- 
ct their own washing and other machinery, which 
made of wood, and is of a very crude description. 
conditions with regard to cost of living, wages, 

80 forth, are, of course, very different from those 
an ing in new countries, such as South Africa, 
re the precious metals are exploited. Sometimes 











the present beds of the rivers contain sufficient plat- 
inum to pay for working, in which case the course 
the river is diverted, and the water power used for 
driving the machinery. A large part of the gold min- 
ing of the Urals is likewise carried on under the system 
of subletting, but where the mother rock—generally 
quartz or diorite—is worked, more expensive plant is 
uired, and the work is carried on by the proprietors 
of the soil or by companies. 








OUR LIMESTONE INDUSTRY.* 
By Wititam C. Day. 


THE production of limestone in the United States 
for the census year 1889 was as follows: For building 
purposes, 92,289,896 cubic feet, valued at $5,405,671 ; 
converted into lime, 18,474,668 barrels, valued at $8,- 
217,015; stone for burning into lime, 478,082 tons, valued 
at $184,024; flux for farnaces, 3,894,337 tons, valued at 
$1,569,312; for street work, 46,491,622 cubic feet, valued 
at $2,383,456 ; for ‘ dam, and railroad work, 26,- 
679,012 cubic feet, valued at $1,289,622; miscellaneous 
uses, 549,875 cubic feet, valued at $46,079, making a to- 
tal value of $19,095,179. The expenditures were as fol- 
lows: For wages $10,121,985 ; for supplies and materi- 
als consumed, $4,227,246 ; other expenses of quarries. 
$743,488; making a total of $15,092,714. The capital 
invested in the industry amounted to $27,022,325; of 
this sum $14,771,200 was in land, $4,988,207 in buildings 
and fixtures, $4,541,623 in tools, implements, etc., and 
$2,721,295 in cash. 

The name “limestone ” carries with it the meaning 
**stone from which lime is made.” Strictly speaking, 
therefore, it should apply only to the carbonate of 
caleinm, which, by ignition, is converted into lime. 
The name, however, in practice covers quite a variety 
of materials which contain carbonate of calcium, but 
in very different degrees of purity. When limestone 
presents itself in crystalline condition, so as to be sus- 
ceptible of fine polish and delicate ornamentation, it is 
known as marble. Marble is specially treated of in 
another report, inasmuch as its beauty of texture and 
fine crystalline condition make it applicable to uses 
for which the non-crystalline variety of limestone is 
entirely out of question. 

Calcium carbonate is frequently associated with 
magnesium ¢arbonate in varying proportious. When 
the proportion of the latter is small the stone is called 
magnesian limestone, but when the proportion be- 
comes 54°35 parts of calcium carbonate to 45°65 parts of 
magnesian carbonate it receives the name of ‘‘dolo- 
mite,” which, if crystalline, may constitute a marble, 
but if non-crystalline is classed with the ordinary lime- 
stones. The term ‘ordinary limestone” is commonly 
used to include ali the grades and degrees of limestone 
except marble, and ‘ordinary limestone” with this 
meaning is treated of in this report. 

The limestones are mainly, though probably not en- 
tirely, of organic origin, resulting from the deposition 
and aggregation of shells, corals, etc.; but at the time 
of deposition other materials, such as clay, sand, iron 
oxides, iron pyrites, nica, ete., may have been includ- 
ed, thus producing a large number of grades, which 
are frequently distinguished by names which imply the 
presence of the most characteristic impurity. Silice- 
ous, argillaceous, and micaceous limestones are names 
in common use. Usually the presence of these im- 
purities is an )objection to the stone for almost 
= a great variety of uses to which limestone is ap- 
plied. 

Limestone of all kinds is readily susceptible to the 
decomposing action of acids, and this fact is very im- 
poston. in connection with the use cf limestone asa 

uilding material or for ome which involve its ex- 
posure tothe weather. The atmosphere of large manu- 
facturing cities is particularly liable to contain acid 
vapors, which, dissolved and precipitated by rain, 
cause rapid disintegration and defacement of limestone 
structures. The presence of impurities, rendering the 
stone absorptive and porous, are especially objection- 
able. Highly compact and pure limestones are less 
liable than other kinds to disintegration from acids, 
and dolomite, when pure and compact, is among the 
most durable when exposed to atmospheric agencies. 
Costly and rash experiments in the use of limestone for 
outside building have resulted within the last quarter 
of a century in causing the exercise of greater care in 
the adoption of limestone as building material under 
conditions favorable to rapid disintegration. When 
limestone is exposed to intense heat, such as is incident 
to a conflagration, the stone is to a greater or less ex- 
tent decom into lime, and thus it is that walls 
built of limestone disintegrate and crumble to pieces 
in cases of serious conflagrations. This fact is one 
which should, of course, be carefully considered in the 
selection of limestone as a structural material. 

The detailed uses to which ordinary limestone is put 
are numerous, and some of thew are of vast import- 
ance, because they cannot be fulfilled by any other 
kind of stone. Some of the uses to which limestone is 
put bring it into competition with the granites and 
sandstone, such as building of all kinds, road making, 
and structural purposes generally. In many of these 
cases limestone is inferior to other kinds of stone, and 
is selected on account of accessibility or cheapness. In 
its application to lime burning and blast furnace flux, 
however, limestone stands alone, and large quantities 
are devoted to these purposes. 

It should be carefully noted that, in stating the 
amount of lime given in this report. the figures are 
limited to that which is manufactured by the produ- 
cers of the limestone used, and do not inclade lime pro- 
duced by lime burners, who purchase the limestone 
from quarrymen, and then burn it into lime. 

The res given for the total value of the lime- 


stone product, namely, $19,005,179, represent the value | 8° 


of the industry to the limestone quarrymen; that is, 
it is the te value of the product sold by them, 


aggrega 
whether of the stone itself or of the products made} 


by them from it. The aggregate value of $19,095,179 
shows the limestone industry to be greater in point 
of value of output than that of any other kind of 
stone on which a separate report has been made. 
Limestone used for blast furnace flux is toa large 
extent quarried by the operators of blast furnaces. 
Such operators as operate regularly equipped quarries 
have reported the limestone so quarried and used by 





* Abstract from Census Bulletin No, 78. 





them, so that their figures are included in the totals 


of | herein given.* 


An analysis of uction shows that $19,005,179 
worth of ordinary limestone was produced from 1,954 
quarries by a foree of 30,644 men, including office force, 
to whow a total of $10,121,985 was paid in wages. The 
total expense of producing the limestone amounted to 

15,092,714, thus fadicating a profit to the producers of 
002,465. The capital invested amounts to $27,022,825, 
of which amount $14,771,200 is invested in land. 

Glancing at the purposes for which the stone is used, 
it appears that the value of the lime produced, namely, 
$8,217,015, is the greatest. The value of the limestone 
itself from which this lime was made is estimated at 
$1,477,974. Itis important to remember in this connec- 
tion that this lime was produced by the quarry opera- 
tors who burned their own stone into lime, while that 
produced by lime burners purchasing the stone is not 
included here. 

The item next in importance to lime in point of value 
is the stone used for building purposes, valued at 
$5,405,671. Next follows the value of stone used for 
flux in furnaces, namely, $1,569,812. For bridge, dam, 
and railroad work, the amount is $1,289,622, and small 
values are given for stone sold for burning into lime, 
also for stone used for wiscellaneous purposes. In 
point of value the limestone industry is ahead of all 
other stone interests, granite standing second. 

In regard to the value of lime produced, it appears 
that Maine heads the list. The product comes alinost 
entirely from Knox county, where large quarries of 
very pure limestone are operated a for the 
purpose of burning the product into Jime. In quan- 
tity of lime produced, Pennsylvania stands first, 
with a product of 4,043,679 barrels, while Maine stands 
second, with a product about one-half as great. There 
is evidently a great difference in favor of Maine in the 
value per barrel of the lime from these two States, 
This is accounted for by the fact that a large propor- 
tion of the lime produced in Pennsylvania is used for 
agricultural pur . which require only inferior 
grades, whereas the lime from Maine is almost entirely 
used for building perrsess in many of the most im- 

ortant cities on the Atlantic coast, principally New 
ork Oity. 


COAL PRODUCT OF ILLINOIS, OHIO, INDIANA, 
AND MICHIGAN. 


WE have received from Mr. Robert P. Porter, Super- 
intendent of the Census, bulletin No. 74, in relation to 
the production of coal in the States of L[llinois, Ohio, 
Indiana, and Michigan, which has been prepared by 
Mr. John H. Jones, special agent, under the supervi- 
sion of Dr. David T. Day, om agent in charge of 
the Division of Mines and Mining of the Census Office. 

Coal Product of Illinois.—The State of Illinois con- 
tains wuch the larger portion of what is known as the 
central coal field, covering an area of about 387,000 
square miles and underlying sixty counties, in but 
forty-five of which, however, are operations conducted 
upon a commercial scale. The Illinois field contains 
fifteen distinct seams. Those which are available for 
commercial mining generally lie at considerable depth, 
and are reached by shafts. The coals of Illinois are 
bituminous, and furnish a most excellent steaming 
fuel Coke is manufactured to a limited extent in 
Gallatin and La Saile counties, but elsewhere in the 
State the quality of the coal does not yield a warket- 
able coke. Neither is it in any marked degree a good 
pas coal, although it is used for that purpose in some 
ocalities, rather because of its abundance than of its 
special adaptability. It is thought that the increasing 
facilities for the cheap transportation of Pittsburg coal 
into the State will eventually exclude local coal from 
the manufacture of % 

The total product of the State during the year 1889 
was 12,104,272 short tons, valued at $11,755,203, an 
average of $0.97 per ton at the mines, 

Coal Product of Ohio.—The great Appalachian coal 
field extends over the eastern portion of the State of 
Ohio and covers an area of about 10,000 square wiles. 
The western border passes through the counties of 
Trumbull, Geauga, Portage, Summit, Medina, Wayne, 
Holmes, Knox, Licking, Perry, Hocking, Vinton, Jack- 
son, Pike, and Scioto. 

The coal measures of the State are divided into three 
series, namely, the Lower measures, the Barren meas- 
ures, and the Upper measures, but only the Upper and 
Lower measures contain workable veins. 

The coal beds of Ohio, like all others of the Appa- 
lachian field, embrace all the varieties of bituminous, 
steam, coking, gas, and cannel coal.- The larger part 
of the product is adapted for coking and steam, 
although the block of the Hocking Valley aud 
other sections have been extensively used for blast 
furnaces, but are now being superseded for that pur- 

by the Connellsville cokes. Very little Ohio coal 
s used for gas manufacture, owing to the convenience 
of obtaining the better gas coals of Pennsylvania. The 
cannels are found, as is usual, in pockets, varying in 
thickness and extent, but never of any great econowic 
value, the low per cent. of volatile watter detracting 
from their efficiency in the manufacture and enrich- 
ment of gas. Hence they have obtained only a local 
importance. 
uring the year 1889 the total production, as reported 
to the eleventh census, was 9.976.787 short tons, valued 
at $9,355,400, an average of $0.94 per ton at the mines. 

Coal Product of Indiana.—What is known as the 
Central or Illinois coal field extends eastward over the 
southwestern portion of Indiana, weer i! fa AD area 
of about 7,000 square miles, and includes nineteen 
counties, Warren County lying at the northern limit 
aud a line drawn through the eastérn boundary of 
Greene County marking its extent eastward. he 
mneral character of the coals of this State, like those 
of Illinois and western Kentucky, which comprise the 
remaining portion of the field, are, of course, bitumin- 
ous and excellent for steam and heating purposes, but 
of little value for the manufacture of coke and gas. 
Cannel coal, which appears in pockets in various por- 
tions of the Indiana region, has not attained more 
than local importance, either for domestic fuel or for 
the manufacture of gas. 


* In addition to the limestone quarried for blast farnace flux, included 
in eerpee eee regularly operated quarries, there is a con- 
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There being no authorized system of collecting the 
statistics of production of coal in this State, the figures 
published heretofore from year to year must be taken 
as approximates to some extent. The State mine 
inspector, in the course of his duties, has secured what- 
ever data were available on the subject, and his esti- 
mates may be relied upon as representing very nearly 
the actual facts, Assuming these figures to be correct, 
we find that the production of coal in the State has 
declined since 1887, the year of maximum output. This 
condition is owing to the introduction of natural gas 
into the cities and larger towns, together with the use 
of crude oil as fuel at Chicago and elsewhere, thereby 
displacing the Indiaua coals in many important near- 
by markets. 

The production as reported by the mine inspector 
was as follows for the years named: 
short tons; 1888, 3,140,979 short tons, The produet for 
the year 1889 as reported to the census was 2,845,057 
short tons, valued at $2,887,852, an average of $1.02 per 
ton at the wines. During the year ending June 30, 
1880, the quantity of coal produced in the State, as| 
reported to the tenth census, was 1,454,327 short tons, 
valued at $2,150,258, an average of $1.48 per ton at the 
mines. 

Coal Product of Michigan.—In Michigan coal is 
mined in six counties, namely, Calhoun, Clinton, Eaton, 
Jackson, Huron, and Shiawassee, although this north- 
ern field, which is a detached deposit not identified 
with the important coal fields east of the Mississippi 
River, underlies the whole or portions of fifteen coun- 
ties in the southern central section of the State, includ- 
ing, in addition to those above named, Saginaw, lonia, 
Montealm, Gratiot, Isabella, Midland, Tuscola, Gene- 
see, Ingham, Bay, and Liverpool counties, covering an 
aggregate area of nearly 7,000 square miles. 

Coai mining in this State has been unprofitable, the 
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special piece of apparatus was devised, constructed 
entirely of platinum and fluorspar. It consisted of a 
platinum tube fifteen centimeters long, closed at each 
end by transparent plates of fluorspar, through which 
the shentenaah attending the reaction could be ob- 
served. The platinum tube was fitted with three side 
tubes, two of which were placed opposite each other 
about the center of the tube, and served for the ad- 
mission of the flaorine and phosphorus trifluoride re- 
| spectively ; the third or exit tube was of somewhat 
| wider diameter than the entrance tubes, and was bent 
| 80 as toserve as a delivery tube over a mercury trough. 
| The whole apparatus was first filled with phosphorus 
| trifluoride, and then the fluorine entrance tube was 
| connected with M. Moissan’s now well-known appara- 
| tus for the preparation of fluorine. As soon as the 
| fluorine came in contact with the phosphorus trifluoride 
a yellow flame was produced and intense action oc- 
|eurred, with the production of phosphorus pentafluor- 
ide. The flame appears to be acomparatively low tem- 
perature one. 

On collecting the gaseous product over mercury, it 
was found to consist very largely of phosphorus penta- 
fluoride, readily —* of absorption by water, and a 
small proportion of unaltered trifluoride which could 
be absorbed by potash. This reaction of fluorine with 

| trifluoride of phosphorus is thus analogous to the con- 
version of phosphorus trichloride into pentachloride by 
the action of gaseous chloride. An interesting reac- 
tion has also been observed by M. Moissan to oecur be- 
tween spongy platinum and these gaseous fluorides of 
phosphorus. 








When pentafluoride of phosphorus was passed over 
spongy xeon gently heated in a platinum tube, a 
partial decomposition was found to occur, and the is- 
suing gas was admixed with trifluoride, and also with | 
free fluorine. The existence of the latter in the free| 





better coals of Pennsylvania and Ohio being delivered 
to points within the State at prices with which local | 
coals cannot compete. Recent analyses exhibit fixed 
earbon 45 and volatile combustible watter 49, showing | 
a good steaming fuel, and much the greater portion of | 
the output is disposed of to railroad companies and | 
manufacturers for engine use. | 
Owing to the conditions above stated, the production | 
has fallen off somewhat during 1889 as compared with 
the previous year. Prior to 1880 the aggregate output 
was about 500,000 short tons. The production reported 
to the tenth census for the year ending June 30, 1880, 
was 100,800 short tons, valued at $224,500 at the mines, 
an average of $2.28 per ton. The output for the year 
1889, as reported to the census, was 67,481 short tons, 


valued at $115,011, or an average of $1.71 per ton at the |: 


mines. ‘The largest production for any year was in 
1882, when 135,339 short tons were reported, since 
which there has been a gradual falling off. 


IDENTIFICATION OF MORE ANCIENT CITIES 
OF THE PHARAOHS. 


Dr. NAVILLE, the discoverer of Bubastis and of the 
Treasure City of Pithom, has just given to the world 
the resaits of his work iridentifying other cities and 
districts in Egypt, more especially some connected with ! 
the exodus of the Israelites; and at the end of the month 
of June he presented these results before one of the} 
largest meetings ever held by the Victoria(Philosophi- | 
cal) Institute, of Adelphi Terrace, London, the great 
hall in which the meeting was held being so crowded 
that many had to be accommodated in the vestibule. 
The chair was taken on the occasion by the President, 
Sir Gabriel Stokes, Bart., past president of the Royal 
Society and the present oceupant of Sir Isaac Newton's | 
professorial chair at Cambridge University. The bus- 
iness of the evening was commenced by Captain F. 
Petrie, the Honorary Secretary, reading the report, 
which showed that the Institute’s members and assoei- 
ates in the United States, England, India, and in other 
parts of the world had now risea to 1,400; a number 
which was being added to by the almost daily applica- 
tions to join. The value of the transactions was shown 
by the increasing number of languages into which for- 
eign members translated them, especially those scien- 
tifle papers showing the error of those who argued that 
science in any way contradicted the Bible. Sir Joseph 
Favrer, K.C.S.L. F.R.S., moved, and Dr. Moule, who 
had just arrived from China, seconded the first resolu- 
tion, after which Dr. Naville’s address was given. He 
illustrated his remarks by referring to an elaborate 
map of his surveys. He said he had found that | 
Succoth was not a city, as some had supposed, but a 
district; from a remarkably valuable inscription discov- 
ered at Pithomw, there was no longer any doubt that it 
was that Greek Heroopolis from whence, as Strabo, 
Pliny, Agathemeros, and Artemidorus described, mer- 
chant ships sailed to the Arabian Gulf. This fact coin- 
cided with the results of modern scientific surveys, which 
showed that there had been a gradual rising of the 
land and that the Red Sea once extended up to the walls 
of Pithom; this must have been the case about 3,000 
years ago, and Sir William Dawson and the French 
engineer Linant held that it went even farther north. | 
The next place noted by M. Naville was Baal Zephon, 
and in identifying this, he had been aided through 
some recently discovered papyri, which proved that it 
was not a city or village, but an ancient shrine of Baal 
and a noted place of pilgrimage, Other places were | 
Migdol and Pi Hahiroth, and here again & papyrus | 
had helped him. It seemed probable that the Serapeum | 
was the Egyptian Maktal or Migdol, and it was greatly 
to be regretted that a bilingual tablet discovered there | 





a few years ago had been destroyed before being de-| 
The bearing of his identifications was of no} 


ciphered. 
small interest to the students of history, both sacred 
aud other. 


ACTION OF FLUORINE UPON PHOSPHORDS. 


A NoTEK by M. Moissan upon the action of fluorine 
upou phosphorus trifluoride is communicated, says Na- 
ture, to the current number of the Bulletin de la Societe 
Chimique, A short time ago M. Moissan described a 
mode of preparing the gaseous trifluoride of phos- 
phorus. The method consisted in gradually adding 
phosphorus tribromide to warm zine fluoride, washing 
the gas first through water, in which it is sparingly 
soluble, and afterward drying by weans of pumice 
moistened with sulphuric acid and collecting over mer- 
ecury. In order to study the action of free fluorine 
gas upon: phosphors triffuoride as thus pre +a 





| moderate cost as well as the more expensive. 
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state was abundantly shown by its action upon crys 
tallized silicon. When, however, the temperature of 
the tube was raised to dull redness, a volatile com- 
pound, containing platinum, phosphorus, and fluorine, 
was obtained, which was carried forward by the gase- 
ous current and deposited in crystals in the cooler por- 
tion of the tube. When this crystalline substance is 
heated, it melts to a viscous liquid, which decomposes 
at a bright red heat. Analyses show that it is a fluo- 
phosphide of platinum, probably of the composition 
2 PF). Pt Fy, analogous to one of the similar chlorine 
cow pounds discovered by Schutzenberger, 2 PCls. PtCl,. 
M. Moissan expresses the hope that by employing some 
such dissociating compound as this a purely chemical 
isolation of fluorine nay some day be achieved. 
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This is a Special Edition of the SclENTIFIC AMERI- 
CAN, issued monthly—on the first day of the month. 
Each number contains about forty large quarto pages, 
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forming, practically, a large and splendid Magazine | *- 


ot Architecture, richly adorned with elegant pilates | 
in colors and with fine engravings, illustrating the | 
most interesting examples of modern Architecturai 
Construction and allied subjects. 

A special feature is the presentation in each number 
of a variety of the latest and best plans for private 
residences, city and country, including those of very 
Draw: | 
ings in perspective and in color are given, together 
with full Plans, Specifications, Costs, Bills of Estimate, 
and Sheets of Details. 

No other building paper contains so many plans, 
details, and specifications regularly presented as the 
ScrgNTIFIC AMERICAN. Hundreds of dwellings have 
already been erected on the various plans we have 
issued during the past year, and many others are in 
process of construction. 

Architects, Builders, and Owners will find this work 
valuable in furnishing fresh and useful suggestions. 
All who contemplate building or improving homes, or 
erecting structures of any kind, have before them in 
this work an almost endless series of the latest and best 
examples from which to make selections, thus saving 
time and money. 

Many other subjects, including Sewerage, Piping, 
Lighting, Warming, Ventilating, Decorating, Laying 
out of Grounds, ete., are iHustrated. An extensive 
Compendium of Manufacturers’ Announcements is also 
given, iu which the most reliable and approved Build- 
ing Materials, Goods, Machines, Tools, and Appliances 
are described and illustrated, with addresses of the 
makers, etc. 

The fullness, richness, cheapness, and convenience of 
this work have won for it the Largest Circulation 


A Catalogue of valuable books on Architecture, 
Building, Carpentry, Masonry, Heating, Warming, 
Lighting, Ventilation, and all branches of industry 
pertaining to the art of Building, is supplied free of 
charge, sent to any address. 

MUNN & CO., Publishers, 
361 Broadway, New York. 


Building Plans and Specifications. 


| In connection with the publication of the BUILDING 
EpITIon of the SciENTIFIC AMERICAN, Messrs. Munn 
& Co, furnish plans and specifications for buildings 
}of every kind, including Churehes, Schools, Stores, 
| Dwellings, Carriage Houses, Barns. etc. 

| In this work they are assisted by able and experi- 
|enced architects. Full plese. details, and specifiea- 
tions for the various buildings illustrated in this paper 
| can be supplied. 

| Those who contemplate building, or who wish to 
| alter. improve, extend, or add to existing buildings, 
| whether wings, porches, bay windows, or attic rooms. 
are invited to communicate with the undersigned. 








Our work extends to all parts of the country. Esti- 
mates, plans. and drawings promptly prepared. Terms 
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